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executive summary
the primary law in the united states that regulates industrial manufacture and use of chemi-
cals, called the toxic substances control act (tsca), is now 30 years old and has proved largely 
ineffective in restricting problem chemicals in commerce or in minimizing or mitigating their 
harm to humans and the environment. it has also failed to effectively stimulate the develop-
ment and marketing of safer chemicals and products. Basic toxicity information that is publicly 
available exists for only a small percentage of the thousands of chemicals in commerce. 
the chemical hazards of everyday consumer products are receiving more attention from scien-
tists and others. our bodies and ecosystems are showing build-ups of chemicals, and research 
links some chemicals to serious diseases. the public has expressed its concern about tainted 
foods, leaded toys, and the risks of emerging technologies. state governments have noted the 
failures of leadership and will at the federal level, the growing public concerns, and the sweep-
ing chemicals overhaul by the european union (eu), called the registration, evaluation and  
authorization of chemicals (reach) regulation. many favor change to policies that get  
hazardous substances out of our homes and communities.
recent discussions and actions in at least eight states have raised the prospects for change by 
state and regional governments. some aspects of chemicals policy can be conducted effective-
ly by states and thereby help catalyze federal action. this report explores what states can do 
and how to do t. a resource guide for state leaders and concerned citizens, this report exam-
ines the policy options and structures they might put in place and the critical issues in doing so. 
With dozens of examples, it also seeks the lessons learned in one place that might be applied 
elsewhere: what works in massachusetts may work in oregon. 
if there are multiple reasons to act now, such as those mentioned above, there also are many 
challenges to reform of chemicals policy, among them:
• limited agency resources and capacity;
• end-of-life considerations in product lifecycles;
• the market entrenchment of many dangerous chemicals and products;
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• Jurisdictional issues; and
• dealing with market imports.
chemicals management is a complex endeavor and regulation of hazardous chemicals is a  
scientific and policy activity that requires extensive technical expertise, funding, and data con-
trols. the need to make good judgments in the face of scientific uncertainty can be difficult for 
government agencies as is the fact that decisions must be made at the nexus of public and  
private interests. regulated entities often fight constraints on their ability to market and sell 
their products.
a report in california has identified three falures of current polcy:
• The Data gap:  little information is known about the health effects, exposures, and uses 
through supply chains and the general economy of a large percentage of chemicals in the 
marketplace. gathering sufficient data and characterizing it so the public and businesses 
can use it is critically important.
• The safety gap:  the u.s. has a disjointed and disorganized infrastructure to manage 
chemicals. limited authorities curb what is possible. Burdens of proof are heavy — agencies 
must demonstrate each chemical’s risks before they can act preventively. under tsca, 
chemicals in use in 1980 were assumed to be safe until experience demonstrated that 
they posed an “unreasonable risk.”  further, science has learned more about the hazards  
of chemicals widely used in consumer products. research has revealed that even small 
exposures to some substances at certain periods of development can cause serious 
health effects.
• The Technology gap:  the current system provides few incentives to encourage use  
of safer chemicals. governments must produce regulatory and market drivers to catalyze 
the development of safer chemicals. 
some government policies, particularly those adopted internationally, have targeted certain 
chemical classes as priorities for action:
• ozone-depleting substances;
• chemicals that are persistent, bioaccumulative, and toxic to humans or aquatic  
organisms;
• very persistent and very bioaccumulative; or
• toxic to humans, for example,
– carcinogenic;
– mutagenic (or genotoxic); or
– a reproductive or development toxicant.
But new scientific knowledge now makes clear that we must do better to identify chemicals 
that fall into these categories and to address additional hazard categories.
different laws govern different classes of chemicals. this report relates to ndustral chemcals 
used in manufacturing processes and in products, but excludes pesticides or pharmaceuticals, 
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which are regulated under very different regimens. re-thinking how we group chemicals in  
categories to address their inherent hazards is worthwhile but beyond the scope of this report.
a broad and deep reorganization at national and state levels is needed in the policy infrastruc-
ture and the decision-making apparatus that control chemicals. given the tens of thousands  
of chemicals produced and used in the u.s., data generation, prioritization, and supporting the 
application of safer chemicals and products is a large task and a significant challenge for gov-
ernments. it also is tremendously important. this report makes some overarching findings: 
• manufacturers and users should generate and share hazard, use, and exposure data 
needed by consumers, chemical users, and government’s policy makers.
• Processes and polces to ensure the rapd screenng, prortzaton, and decson-
makng on a broad range of chemicals are critical to avoiding chemical-by-chemical  
assessment and decision-making paralysis.
• new chemcals polces should encourage the assessment and applcaton of safer, 
feasble alternatves to problematic chemicals, and governments should provide tools 
to companies to undertake such analyses.
• new chemcals polces must create ncentves to nnovaton and economc devel-
opment n safer chemcals and products as well as provide for health and ecological 
protection.
• green chemstry deserves research and financal support as well as technical and  
capacity building support for its application in practice.
• state-based and regonal ntatves to control chemicals should be encouraged as  
pilot and demonstration projects for subsequent larger changes.
• Chemcal reform optons can be usefully appled to emergng technologes as well.
new systems to manage chemicals must incorporate critical elements to: generate chemical 
information and make it accessible and shared through supply chains; establish processes to 
rapidly assess, characterize, and make decisions about chemicals; adopt processes to substitute 
safer alternatives in place of dangerous chemicals; and move to greener chemistry and safer 
product design through research, innovation, and capacity-building. rather than reducing risks 
of chemical exposure to “acceptable” levels, these systems should reduce the inherent toxicity 
and hazards of the chemicals used in production processes and products.
the report examines the problems, policy options, and examples of these control activities: 
• various approaches to generating information; 
• sharing data through supply chains; 
• screening, characterization, setting priorities, and making decisions; 
• substitution and alternatives assessment; 
• innovation and green chemistry; and 
• policy implementation. 
a final chapter looks at how the examined options for chemicals reform might be usefully  
applied to manage the risks of emerging technologies.
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data gaps and limited authorities have plagued the management of industrial chemicals. When 
a new chemical heads to development, production, and the market, the epa typically has only  
a 90-day chance to review it, and it rarely has any actual test data on which to base its review. 
unlike virtually all other developed countries, tsca does not require (or allow epa to require) 
new chemical producers to provide even a minimum base set of data on a chemical’s environ-
mental fate and behavior, toxicity or ecotoxicity. although epa encourages such data to be  
submitted, they rarely are. nor do such data typically become available after a chemical enters 
commerce, even if it is made and used in large amounts. in 1998, the agency found that there 
was no publicly available screening-level hazard data for 43 percent of approximately 3,000 
high-volume (at least a million pounds a year) chemicals. Because it must meet substantial  
evidentiary and procedural burdens to require testing, the epa has done so for fewer than 200 
chemicals since the passage of tsca. instead it has turned to voluntary efforts like the u.s. high 
production volume (hpv) chemical challenge program. launched in 1998 but not yet completed, 
the program is now providing basic screening-level hazard data for most hpv chemicals. 
good data is the currency of the realm in chemicals policy, denison observes (see module 1, 
denison). no realistic assessment of a chemical’s hazards can be made without adequate data 
about its effects on health and the environment. Without complete, reliable, and timely data, 
priorities will be skewed and scientists’ efforts to substitute safer chemicals for dangerous  
ones will be a haphazard exercise. What kinds of data?
• hazard traits related to health;
• other hazard characteristics;
• potential and actual releases;
• exposures; 
• uses; 
• supply chain flows; and
• lifecycle management. 
data development (which is more developed for hazard data than exposure data) can occur 
through: (1) measurement and testing; or (2) modeling or interpolation and extrapolation from 
available data. in either case, the objective is to identify not only the dangerous chemicals but 
also the safe or safer ones so they can be used as substitutes for hazardous chemicals. 
in the production of data, state governments may choose from several courses of action when 
it comes to facilitating the reporting or generation of chemical information, each with distin-
guishing advantages and disadvantages:  it can:
• collect or generate the information itself. this can be done by directly conducting testing 
of chemicals; by measuring or monitoring for them in workplaces, environmental media, 
humans or other organisms; or by applying models to develop estimates or predictions in 
the absence of data. an example of government-developed chemical information is bio-
P O L I C Y  O P T I O n s  F O R  g E n E R a T I n g  I n F O R m a T I O n  
F O R  s O u n D  C h E m I C a L s  m a n a g E m E n T
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monitoring of human blood and urine conducted by the u.s. centers for disease control.
• require commercial producers or users of chemicals to report existing or generate new 
information. testing requirements are most commonly imposed at the time of a chemical’s 
first introduction. an example of this approach is the reporting, testing, assessment, and 
risk management requirements under the registration provisions of the european  
union’s reach regulation. 
• request that information be provided voluntarily or provide incentives for companies to 
do so. a prominent example of this approach is the u.s. epa’s high production volume 
chemicals challenge program. 
• help to develop and shape a market in which the collection or generation of the informa-
tion has economic value. an example is california’s proposition 65 which requires compa-
nies that make products containing any chemical “known to the state of california” to be  
a carcinogen or reproductive toxicant to label the product accordingly. this economically 
rewards companies that generate information about a chemical that allows a no-effect 
level to be set, because they can avoid negative labeling. 
it is not sufficient to gather information about chemicals. once data exists, that information 
must flow through the economy to all actors who make decisions about chemicals. massey (see 
module 2, massey), takes up the issue of information flow among all of the actors concerned. 
those actors include chemical manufacturers or suppliers; downstream users of chemicals; pur-
chasers, retailers, and professional users of products containing chemicals; and individual users 
of consumer products. they also include policy makers, workers, and members of the public. 
there are currently large gaps in information flow up and down the supply chain and even 
among firms making the same products. actors across the supply chain suffer from commu-
nication deficits. state governments can facilitate information flow by requiring disclosure,  
facilitating communication, and managing data effectively. opportunities for action at the  
state level include the following:
• encourage or require firms to submit information on chemical hazards and on chemical 
uses. for example, under reach, firms must submit information on both chemical hazards 
and chemical uses throughout supply chains to users and government authorities. much 
of this information is also made available to the public.
• encourage or require firms to disclose chemical ingredients of products via labeling  
or registry requirements. for example, in sweden, firms must provide information to the 
swedish products register if they manufacture or import more than 1 ton of eligible  
products.
• create incentives for manufacturers to obtain information from suppliers about chemicals 
in products. for example, the restriction on hazardous substance (rohs) has created an 
s h a R I n g  K n O W L E D g E  a b O u T  C h E m I C a L s :  
P O L I C Y  O P T I O n s  F O R  F a C I L I T a T I n g  I n F O R m a T I O n  F L O W
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incentive for manufacturers of electrical and electronic equipment to improve commu-
nication about chemicals up and down the supply chain by prohibiting the sale of electri-
cal or electronic equipment containing certain toxic chemicals. 
• require warnings or labels identifying both acute and chronic health hazards in products 
or work places. for example, california’s proposition 65 requires that a warning be pro-
vided whenever a workplace or product could expose people to chemicals included on 
an official list of carcinogens and reproductive toxicants. in another example, pennsylvania 
has adopted requirements for material safety data sheets for public-sector work sites  
that are more extensive than the corresponding federal requirements.
• facilitate voluntary information sharing within supply chains. for example, the massa-
chusetts toxics use reduction institute has convened consortia of firms in the electronics 
supply chain, creating an opportunity for firms to collaborate with one another to  
reduce toxics.
• develop infrastructure for managing chemical information; require that firms submit- 
ting information to other government authorities also provide information to the state; 
and adopt best practices for management of confidential business information (cBi). for 
example, states may be able to take advantage of the chemical information submitted  
to european government authorities under reach. elements of best practices include 
ensuring that health and safety information are not eligible for cBi protection; requiring 
firms to provide justification for cBi requests; placing a time limit on cBi claims granted; 
sharing cBi-protected information with governments and affected workers; and other 
provisions.
how can governments do a better job screenng, prortzng, and actng on more  
chemcals, tickner (see module 3, tickner) asks, so they can act preventively and rapidly and  
do so with consistency and transparency?  some tools exist, but more are needed. in decision-
making, it will be important to keep certain questions in mind: 
• are the data sufficient to discriminate between chemicals of great concern and those  
of low concern? 
• Where are the uncertainties and gaps in data and must they be addressed before  
proceeding? 
• should risk management techniques be applied and do prevention opportunities exist 
that would circumvent the need for additional study? 
few definite protocols exist for chemicals assessment and prioritization processes which  
typically are iterative rather than linear. the steps in each process, including decisions made, 
also may be done in any chronological order and may depend on whether the decision at  
issue is regulatory or voluntary. 
a s s E s s m E n T  a n D  P R I O R I T I z a T I O n  O F  C h E m I C a L s :  
P O L I C Y  O P T I O n s  F O R  s T a T E s  a n D  T h E  F E D E R a L  g O V E R n m E n T
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screenng s the dynamc process that consttutes the first evaluaton of the hazard data 
— performed early in the decision-making process — and should focus on avoiding false nega-
tives (that is, finding low or no hazard when, in fact, a hazard exists). While screening data may 
be incomplete, the advantage of using it in its early form is that the review process is compara-
tively rapid and may still produce meaningful, though limited, results. 
as a precautionary measure in the screening process, the lack of data should be interpreted as 
evidence of potential concern and should not stall decision-making. the screening process can 
support decisions to use or not use the subject chemical and it can identify negative attributes, 
but it cannot pronounce that a substance s safe. other characteristics of screening include:
• screening may examine only the inherent toxicity of a substance or it also may consider 
uses and exposures. 
• policy instruments should elevate the search for safe substitutes to the level of the search 
for chemical hazards since they are needed when substitution becomes the policy choice.
• if a state does not have the resources for adequate screening, it could join with nearby 
states to collaborate and “regionalize” its efforts. states also might require that industry 
undertake screening and submit data and/or provide industry with the tools and support 
to voluntarily screen chemicals. 
states have several options for chemical screening, including:
• providing industry with the tools to undertake regulatory or voluntary screening  
with agency review. an example of this approach is the u.s. epa’s sustainable futures 
program which provides extensive tools to industry to screen new chemicals and  
understand safer designs and synthesis pathways.
• requiring industry to submit information/undertake screening. an example of this  
option is the registration dossier requirement under reach.
• undertaking screening on the basis of existing data. the 2000 danish epa classification 
of dangerous substances provides an example whereby the government screened and 
classified some 55,000 chemicals on the basis of modeling data.
assessment, characterzaton and prortzaton are the ways that governments with  
limited budgets can target their resources most effectively. the efforts should usually include a 
categorzaton process which sorts and ranks chemicals by applying criteria or methodologies 
that determine levels of concern. chemicals may be categorized on the basis of inherent hazard 
or, also on their exposure potential, use, or production volume. rapid risk assessments can be 
useful in prioritizing chemical hazards but decision-making cannot, and should not, be contin-
gent on chemical-by-chemical risk assessments. Decsons do not requre perfect nforma-
ton; indeed, too often, that demand has thwarted preventive or protective action. processes 
are needed to facilitate decision-making on chemicals of elevated concern. 
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state government options to ensure rapid prioritization and decision-making on chemicals,  
include:
• undertaking a government-sponsored rapid classification/prioritization process. an ex-
ample of this approach is the canadian domestic substances list classification, whereby 
23,000 chemicals in use in canada were screened with 4,300 chemicals being identified  
as needing further assessment/action and about 500 chemicals being listed as high  
priorities for further assessment/action.
• providing tools to industry to voluntarily undertake substance assessments and priori-
tization processes as well as challenges to reduce chemicals of concern. under this option, 
government agencies would provide tools to industry (such as the sc Johnson developed 
greenlist process) and challenge companies to self-classify chemicals, develop lists of 
chemicals of concern, and develop action plans for reduction of such chemicals.
• issuing lists of chemicals of high concern, lower concern, and further study, and develop-
ing voluntary or regulatory programs/activities to develop data and move firms away 
from those chemicals. governments can engage companies in finding and implementing 
alternatives to high concern chemicals on a voluntary basis, through action plans, techni-
cal assistance, procurement programs, demonstration projects, and supply chain dialogs. 
an example of this option is the swedish prio database and programs undertaken by  
the swedish national chemicals inspectorate.
• initiating “authorization” requirements for chemicals identified as higher concern. a model 
of this approach is the european union reach regulation’s authorization process. 
at the decision-making stage, multiple considerations arise. Briefly, they include:
• What are the legal framework and requirements for action; 
• should decisions be hazard- or risk-based; 
• how much data are needed before risk management actions can occur; 
• Who (government or industry) should decide; 
• What emphasis should be given to risk trade-offs, feasibility, and socioeconomic impact; 
• What action, if any, should be taken on the chemicals of lower concern; and
• Where do mandatory versus voluntary actions fit the case? 
substtuton is one policy option whose importance has risen as states have adopted toxics 
use reduction approaches to risky chemicals in production processes and products, according 
to rossi (see module 4, rossi). it encompasses changes in materials, products, production pro-
cesses, design, as well as chemicals. When substitution is employed, it may result in use of a dif-
ferent chemical or a different material or process that could eliminate completely the need for 
using the risky chemical. for businesses that use or purchase products containing toxics, the 
substitution tactic involves the following steps, called alternatves assessment: 1) identify all 
P O L I C Y  O P T I O n s  F O R  C h E m I C a L  s u b s T I T u T I O n  a n D  a L T E R n a T I V E s 
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chemicals used in making the product, including its material chemistry; 2) evaluate the hazards 
of those chemicals; 3) classify them with regard to level of concern; 4) identify alternatives to 
the chemicals of high concern; 5) work with suppliers to provide safer alternatives; 6) evaluate, 
compare, and prioritize the alternatives; and 7) select  preferred alternatives, that is, substitute 
lower hazard chemicals for those of higher hazard.
success in substitution will require a package of policy initiatives that provide chemical use, 
hazard, and prioritization information; create incentives for safer alternatives and disincentives 
for using/producing chemicals of high concern; and require action. the following options are 
available for state governments to support alternatives assessment and substitution, including:
• government undertaking or sponsoring alternatives assessments. under this option pub-
lic institutions would perform alternatives assessments of chemicals to inform policy mak-
ers and businesses on the availability of safer alternatives. these can be resource intensive 
but contain detailed data on the availability of alternatives. an example of this option is 
the alternatives assessments that have been conducted by the massachusetts toxics use 
reduction institute on high concern chemicals.
• governments providing technical assistance to firms in implementing safer alternatives. 
since “drop in” chemical substitutes often do not exist, technical assistance programs can 
be effective tools for transferring information about chemical hazard, analytical tools and 
alternatives availability and implementation. a successful example of government spon-
sored technical assistance for substitution is the surface solutions laboratory of the  
massachusetts toxics use reduction institute which tests alternative non-chlorinated  
degreasers for firms to reduce or eliminate the technological and toxicological risks in 
switching to alternatives.
• governments requiring firms to undertake substitution and/or toxics use reduction plans. 
substitution plans completed by businesses avoid the resource constraints of govern-
ment-completed alternatives assessments. they require that firms examine feasible alter-
natives to substitute a chemical of concern. an example of substitution planning is the 
requirement under reach that firms applying for an authorization must “analyze the 
availability of alternatives and consider their risks, and the technical and economic feasi-
bility of substitution. 
• governments initiating mandatory restrictions or substitution requirements. chemical 
restrictions can range from direct bans to substitution requirements pending availability 
of feasible alternatives. there are a range of options for restrictions, which often spur inno-
vation in new materials — chemical or use specific, classes of chemicals, etc. an example 
of chemical restrictions is the restrictions on certain chemicals in electronic and electrical 
products under the european commission’s restrictions on hazardous substances  
(rohs) directive.
in addition to restrictions, certain options can help spur innovation in safer chemistry, including 
supply chain options:  incentives, information, and technologies that support the generation of 
environmentally preferable chemicals, in the form of research and development support, green 
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chemistry centers; tax credits; taxes and fees; and selection policies, which involve government 
either purchasing or promoting the purchase of environmentally preferable products. 
public demand, greater regulation, and government scrutiny are pressuring the chemical in-
dustry to seek safer substances and it is developing green chemistry as a result. green chemistry 
is a new way to think about chemical design, employing a set of principles that cut or curb  
hazardous substances from the production, use, and disposal of chemical products. While 
green chemistry is receiving significant attention in the business and academic communities, 
efforts to encourage its adoption in practice are slow, piecemeal, and encounter resistance,  
according to geiser and mcpherson (see module 5, geiser and mcpherson). 
the industry’s new-product cycle is 10-20 years long and technology improvements in the  
sector favor primarily incremental change. yet, regulatons can drve chemcal research and 
innovation can produce cost savings. innovation in chemicals production traditionally means 
adoption of a chemical or chemical process as part of a commercial application. at first adop-
tion, it is called nnovaton; multiple adoptions are called dffuson. a variety of factors  
affect adoption of new technologies, including:
• Relatve advantage — improvement of an innovation over current practices;
• Comparablty — consistency with existing needs;
• Complexty — assessing the difficulty of understanding or using an innovation;
• Tralablty — degree to which a change can be tried before full adoption; and
• Observablty — how observable the advantages of change are to others. 
state governments have a part to play in support, innovation, and adoption of products of 
green chemistry. the policy tools they have available include: 
• research and development support into new material and chemical streams. an example 
is a consortium of state research universities supporting green chemistry such as the new 
england green chemistry consortium, a collaboration among the public sector universi-
ties in new england.
• technical assistance. the state pollution prevention programs established during the 
1990s proved the effectiveness of providing government technical assistance programs 
to assist firms in meeting environmental objectives. those states, for example, could inte-
grate green chemistry and chemicals innovation assistance into their ongoing technical 
assistance programs.
• education and training. currently, there is a significant shortage of college students inter-
ested in chemistry. promoting college courses in green chemistry and bio-based materials 
is an example of encouraging environmentally friendly chemical innovations through ed-
ucation, potentially attracting more students to the field.
• market interventions. in some markets, government purchasing is so significant that it 
drives market behavior. expanding government environmentally preferred procurement 
P O L I C Y  O P T I O n s  F O R  C h E m I C a L  I n n O V a T I O n  a n D  g R E E n  C h E m I s T R Y
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programs to focus on green chemistry promotion is an example of market intervention.
• economic policies. state governments, for example, could create tax incentives for  
manufacturing or purchasing greener products, thereby encouraging the use of more  
environmentally appropriate chemicals and the green chemistry research necessary to 
develop them.
• regulation. government regulations can play an important role in driving innovation.  
an example is government agencies using existing or new legislation to ban specific 
chemicals in ways that open markets for safer substitutes.
states may choose to adopt any of a different number of elements of chemicals policy reform. 
any option will create needs for technical competencies and agency capability. Kyle (see mod-
ule 6, Kyle) explains what is required for administrative implementation of policies adopted. 
the adoption of new chemicals policies will require varied capabilities and related competen-
cies in the institutions charged with implementation. While the exact mix will depend on the 
policies adopted, capabilities likely to be needed are to: 1) keep track of information; 2) obtain 
and assess data; 3) disseminate and translate information and judgments for relevant audiences; 
4) make decisions about warnings, substitution, controls, use restrictions, or phase-out of 
chemicals; 5) enforce required policy elements or decisions; develop regulations, directives, 
procedures, and protocols; and 6) provide technical assistance. 
state governments have a variety of options available in: 
• Keeping track of information. states will need resources for “knowledge management.”  
information systems will be used for chemical tracking and sorting and will need to inte-
grate hardware, software, and human elements in a design that meets the needs for data 
and analysis of individuals and institutions. existing data systems can provide examples 
for certain pieces of information tracking. the chemical abstracts service, for example, 
provides a model for identification of chemical compounds by providing unique identifiers. 
this is important because nomenclature used for chemical compounds is not standard-
ized, and there are often several synonyms for a single substance. 
• obtaining and assessing data. strategies to acquire quality data can include overseeing 
laboratory operations through a certification or accreditation process or by requiring veri-
fication. in this respect states will need to identify sources and types of information they 
will accept. states will likely need to develop capacty to nterpret data as well as collect 
it. for data assessment, the objectve s to synthesze nformaton produced n a stan-
dard way that allows comparsons across chemcals. some data assessment models 
are available from the epa and international health and science organizations, and other 
options exist as well. an example is to standardize testing requirements by using designated 
protocols (including defaults in the absence of data). this would help to reduce burdens 
I m P L E m E n T a T I O n  O F  C h E m I C a L  P O L I C I E s  W I T h I n  s T a T E s :   
C O m P E T E n C I E s  a n D  I n s T I T u T I O n s
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and facilitate faster decision-making. as testing and assessment methods are currently 
oriented toward finding chemicals that pose risks, new approaches designed to identify 
and assess chemicals of low or no concern (safer alternatives) will be needed.
• disseminating and translating information and judgments for relevant audiences. pro-
viding meaningful and useful information to chemical “publics” has not received the  
attention it deserves. When state policies call for action by consumers or product users, 
then characterizing, translating, and disseminating information take on even greater  
importance. generally, consumers are more interested in products than in ingredients. 
labeling requirements for products is one example that may help. 
• making decisions about warnings, substitution, controls, use restrictions, or phase-out  
of chemicals. government agencies may be called upon to make many different kinds of 
decisions as part of chemicals policy programs including: 1) reporting uses of chemicals 
included under the scope; 2) providing data and information about chemical hazard 
traits; 3) developing chemical use management or use reduction plans; 4) conducting 
monitoring or biomonitoring; 5) adhering to use restrictions or phase-out; 6) providing 
warnings or labels; and 7) reporting information about hazard traits. such decisions will 
usually specify who must act, what the required actions are, and the consequences of  
not acting.
• enforcing required policy elements or decisions. the states must develop requirements, 
regulations, protocols, and procedures that implement policy options, including inspection, 
verification and enforcement. an example is administrative penalties typically involving 
fines or revocation of authorizations, particularly when these rise to the level of achiev- 
ing deterrence.
• providing technical assistance. as has occurred with pollution prevention, some approaches 
to chemicals policy may incorporate a significant emphasis on providing outreach and 
technical assistance. technical assistance can be a cost effective means to convey informa-
tion and change practices. states often have close working relationships with businesses 
and are positioned to offer technical assistance so as to change business practices. 
the type of institution to address chemicals policy is also a consideration which has received 
inadequate attention in the past. these choices tend to vary from place to place. efforts to struc-
ture institutional forms for chemicals policy implementation can draw from various models: 
• creating a single-purpose chemicals agency; 
• developing a program in an existing public agency; 
• creating a hybrid organization that may combine elements of both public agencies and 
research organizations; 
• networking entities; and 
• multi-state collaborative approaches. 
in any of these approaches transparency, accountability, and expertise are critical to the success 
of the institutional arrangement. partnerships with universities and other institutions may help 
with the latter as is the case with the massachusetts toxics use reduction institute.
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finally, focused attention on funding is essential to successful state policy. in an age of limited 
state budgets, a well designed and approved policy will not function without adequate revenue 
sources. two principal options exist for funding state programs. one is to appropriate funds 
from the general fund supported by the overall revenue stream of a state. the second is to cre-
ate specialized fees or revenue streams specifically to support implementation costs. this is the 
case with regards to the massachusetts toxics use reduction act, where fees assessed on toxic 
chemicals fund the regulatory and technical support programs.
the final section (see module 7, hansen and rejeski) applies the policy alternatives template for 
control of risky chemicals to emerging technologies, many of whose hazards are still unknown. 
scientists are starting to investigate them. the leading emerging technology used as an example 
in the comparison is nanotechnology, in which the current highest exposures seem to occur 
when the material takes the form of free particles for workers and particles suspended in liquids 
or creams for consumers. throughout the comparison, numerous specific cases are cited. the 
authors find that indeed, many of the same tools and approaches used in chemicals regulation 
(outlined in this volume) constitute useful and productive applications when used to gauge the 
risks of emerging technologies. however, they cannot stand alone. Which options are the best 
choices in a particular situation will depend on the potential adverse health and environmental 
impact of the emerging technology in question. 
although many of the issues addressed and the policy options outlined in this module seem 
most appropriate to implement on a federal level or even a global level, there is a lot that local 
and state government can do. action at the state level also sends strong signals: 
• local and statewide regulatory actions. an example is the moratorium implemented in 
the late 1970s on recombinant dna research in cambridge, massachusetts. 
• requiring environmental health and safety (ehs) information. an example is the city 
council of Berkeley, california, which has pursued this approach on nanomaterials. they 
have issued an ordinance requiring manufacturers to disclose various information about 
the properties of their materials, production facilities, state of ehs research, and their  
ehs control measures in force. 
• requiring active expert and stakeholder deliberation over a longer period of time. this 
approach is currently being pursued in cambridge, massachusetts, in decisions about 
nanomaterials. 
• promotion of research into emerging technologies. the promotion of biofuel and stem 
cell research in california, for example, provides a huge push for research and development 
of these emerging technologies.
• formation of interstate collaborations. an example is the new england climate coalition 
dedicated to achieving global warming pollution reductions in the region.
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this report outlines a range of options to help reshape and reorient chemicals management 
policy at the state level. the options outlined in the seven modules of this report provide tools 
and examples of strategies to gather and share information through supply chains; facilitate 
more effective prioritization and action on chemicals; promote assessment and application of 
safer alternatives to problematic chemicals; and support research and development of products 
based on green chemistry. the diffusion of these policy options will help make the states major 
actors in developing the protective apparatus against and public consciousness about chemical 
risks that are so needed for health and safety, the environment, and economic development 
that can sustain planet earth.
C O n C L u s I O n
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during the last several years, there has been increasing public concern about toxic chemicals in 
everyday products — lead in toys imported from china, flame retardants in computers and furniture, 
plasticizers in consumer products, and so forth. scientific studies also are revealing new evidence 
of the build-up of some chemicals in ecosystems and in our bodies and new findings linking 
exposures to hazardous chemicals to health effects ranging from cancer to asthma to learning 
disabilities. these problems demonstrate a failure of both chemical design and responsibility that 
is driving a new movement for chemicals policy reform in some countries, at the international 
level and, more recently, among the states in the united states.
there has been little federal initiative in the united states on reforming chemicals management 
policies for well over two decades. as has historically been the case, states are beginning to fill 
the holes in federal leadership; debates about chemicals policy reform measures are taking place 
in at least eight states. We are encouraged by these new efforts at the state level. While some 
aspects of chemicals policy are best carried out at the national level, other functions can be 
managed effectively at the state level. in addition, options that might be best located at the federal 
level can be piloted and developed at the state level, providing valuable models and lessons 
when congress or a new administration chooses to engage a process for reforming federal 
chemicals management policies. 
in designing reforms, it is critical to understand the options available — regulatory and non- 
regulatory and their pros and cons. the purpose of this report is to outline options, provide 
background, and suggest examples of how states can exert leadership in developing chemicals 
policy reforms. in essence, this report provides policy foundations for modernizing chemicals policy 
at the state and ultimately federal levels. it can serve as a resource guide for state and federal 
policy-makers and other stakeholders who want to engage in dialog about updating chemicals 
i n t r o d u c t i o n
reforming state-level chemicals  
management policies in the united states: 
status, opportunities, and challenges
It s a proptous tme for states to address chemcals 
polcy reform; what crtcal ssues must states consder to 
successfully mplement these polcy changes?
n  Ken Geiser and      
      Joel TicKner
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policies. By providing examples of how some options have been implemented in the past, the 
report demonstrates that reforms — while challenging — are feasible. many of the options outlined 
in this report will require new collaborations, technical capacity, and ways of working. the chal-
lenges should not hinder forward movement — agencies are often challenged to implement 
new policies and processes — but rather be seen as an opportunity to improve chemical safety 
into the future. 
this module provides context for the six “modules” or elements of chemicals policy reform detailed 
in this report (and described below) and some of the critical issues that must be addressed so that 
reforms can be implemented successfully at the state level. a seventh module examines how these 
elements of chemicals policy reform can be applied to emerging technologies and materials. 
there is a unique opportunity now, given reforms in other locations (for example, the european 
union’s new registration, evaluation, and authorization of chemicals (reach) legislation, out-
lined below), to modernize state chemicals policies in the united states. But to take advantage 
of this opportunity and ensure successful progress toward safer chemicals and products, policies 
must be visionary and far reaching as well as pragmatic and implementable, and they have to 
respect the current situation of state budgets and agency capacities. collaboration among states 
to share efforts and resources will be critical. ultimately, the most effective reforms will take 
place at the federal level but actions by several states (and other stakeholders) can serve as  
an important impetus for federal action. 
the module sets a vision for policies to reduce hazardous chemicals in the products we buy and 
in the places we go. it notes the many opportunities and possibilities and progress that have been 
made already. it discusses challenges of state-level action that must be addressed in any reform 
effort. following an overview of some of the successful examples driving reform of chemicals 
regulations, we outline the current status of chemicals policy in the united states as well as 
some of the limitations in current policies. 
While discussions about reforming the way society regulates hazardous chemicals in production 
processes and products are often contentious, most stakeholders share some common goals. 
for instance, most would agree with the “generational goal” of the 2002 Johannesburg World 
summit on sustainable development:
“renew the commitment…aiming to achieve, by 2020, that chemicals are used and produced 
in ways that lead to the minimization of significant adverse effects on human health and the 
environment…which says that threats posed by toxic chemicals should be eliminated within 
one generation.”  (http://www.un.org/jsummit/html/documents/summit_docs.html) 
s E T T I n g  a  V I s I O n  F O R  R E F O R m
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this goal encourages creative thinking about the design of a future chemicals economy that 
solves the problems of the past while stimulating future innovation for safer chemicals and 
products. some of the practical results of achieving such a goal could include:
• Businesses and industries that are innovative, versatile, and competitive;
• products that are safe, functional, and highly valued;
• a natural environment that supports the health and well-being of children, adults,  
wildlife, and ecosystems; and
• good, healthy jobs in sustainable industries.
ultimately, a sustainable chemicals policy will require that these elements be integrated into the 
very fabric of government, industrial, and consumer decision-making and that environmental 
and health considerations become as important factors in chemical and product design as cost 
and functionality. as such, chemicals policy should be seen as part of a competitiveness or  
economic development issue, important to jobs, health, and economy.
Defining Chemicals Policy
chemicals policy is a broad term which often is used interchangeably with terms such as toxic 
substances policy, chemicals management policy, and sustainable chemicals management policy.
We view chemicals policies as comprehensive, integrated, and prevention-oriented policies  
designed to achieve the development and use of less or non-hazardous and sustainable  
chemicals in production systems and products.
six general features of chemicals policies are:
• policies should take a comprehensive and integrated approach to all chemicals. focus data 
collection and risk management efforts for a wide range of substances (not just restrictions 
on single substances — also called toxics policy).
• take a tiered approach to the treatment of chemicals as discrete entities, categories (such 
as persistent and bioaccumulative toxics), or groupings (such as chlorinated solvents or 
brominated flame retardants), not simply air, water, or workplace emissions.
• regulate chemicals on the basis of their inherent toxicity (hazards) and uses (in manufacturing 
and products), functions, and potential exposures throughout manufacture, use, and final 
disposal. By focusing on intrinsic hazard, opportunities to reduce the overall lifecycle impacts 
of a chemical become more possible.
• establish processes for rapid chemical assessment and prioritization, including sharing 
information about chemicals, their properties, uses, exposures, effects, and movement 
through commerce and the environment.
• establish processes for replacing dangerous chemicals with safer alternatives — “substitution.”  
special attention is given to the analysis of substitutes and to the development of methods 
for evaluating alternatives to those substances considered worthy of avoiding so as to 
assure that substitutes are reliably safer.
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• move toward greener chemistry and safer product design through the promotion of research, 
innovation, and capacity-building.
ideally, chemicals policies should be viewed in a holistic and integrated context — they should 
ensure protection of worker, community, and consumer health while stimulating development 
of safer and cleaner production systems, materials, and products.
chemicals policy encompasses a large number of elements, including:
• regulatory and voluntary measures, such as those that obtain information on the properties 
and uses of chemical substances; ensure information is transmitted to users of the chemicals; 
restrict certain chemicals or uses; or stimulate substitution of problem substances.
• policies within companies for determining what chemicals are used and how they are used.
• fiscal policies, such as taxes on certain substances and financial responsibility measures. 
• educational and labeling initiatives.
• research, development, and technical support for safer chemical products. 
chemicals policy for the purpose of this report relates to industrial chemicals used in manufactur-
ing processes and incorporated into products, not including pesticides and pharmaceuticals. in 
most countries, pesticides and pharmaceuticals are regulated separately from industrial chemicals, 
even though there may be some overlap in the particular substances. further, some product 
categories, such as cosmetics and sometimes toys and other consumer articles, tend to be regulated 
under food and drug laws or consumer product safety laws. in the united states, for example, 
cosmetics are regulated under the federal food, drug and cosmetics act (implemented by the 
food and drug administration) while toys tend to be regulated under the consumer product 
safety act (implemented by the consumer product safety commission). this happens in part 
because the toxic substances control act (tsca) requires that epa refer risk reduction measures 
that can be achieved through other statutes to the agencies that implement them. nonetheless, it 
makes sense for state-level chemicals policies to integrate different product categories, particularly 
in the areas of alternatives assessment and chemical use data collection. since chemicals have 
intrinsic hazard characteristics regardless of use, it would be effective to include categories such 
as cosmetics and toys (and possibly household use of pesticides) under chemicals policy efforts. 
there are many successful examples of reforms to chemicals regulation at the state, inter- 
national, and corporate levels that provide experience and lessons in efforts to design new  
policies. this section outlines some of the successes to date.
P R O g R E s s  T O  D a T E  I n  R E F O R m I n g  C h E m I C a L s  R E g u L a T I O n  a n D  m O V I n g 
T O W a R D s  s a F E R  C h E m I C a L s
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Regional Policy Efforts
important examples of regional chemicals policy efforts have occurred in the united states.1 for 
example, the new england states have worked closely on issues related to mercury since the 1990s. 
perhaps the strongest example of regional policy is in the great lakes area. from the mid-1970s 
until the early 1990s, a multi-stakeholder discussion on chemicals policy occurred in the great 
lakes region. in its 1992 and 1994 Biennial reports, the united states-canada international Joint 
commission (iJc), which provides expert advice about great lakes water quality, recommended 
phasing out releases of all persistent and bioaccumulative chemical substances. unfortunately, 
ambitious reduction goals and iJc recommendations have not led to broad policy reform by 
canada, the united states, or the great lakes state governments. this regional chemicals policy 
vision has been stalled by a lack of political will but possibly could be revived given recent  
canadian initiatives on chemicals management.
State Policy Efforts
noting the slow pace of federal government regulations on hazardous chemicals, various states 
have acted on their own.2 during the early 1990s, several states passed pollution prevention and 
hazardous waste reduction laws focused on industry education, outreach demonstration projects, 
and on-site technical assistance services. today, massachusetts and new Jersey have highly successful 
programs that combine voluntary business assistance with mandatory chemicals use reporting 
and pollution prevention planning regulations. one of the most successful state laws addressing 
toxic substances in products is the california safe drinking Water and toxic enforcement act of 
1986 (or “proposition 65”), which prohibits businesses from discharging chemicals that have 
carcinogenic or reproductive toxicity effects into sources of drinking water. under the law, the 
state government is required to maintain a list of chemicals known to the state to be carcinogenic 
or reproductive toxicants. Businesses must provide clear warnings to individuals exposed to these 
chemicals in products either manufactured or sold by them. citizens are allowed to sue companies 
for failure to properly warn the public. 
during the last several years, advocates and policy makers in several states — particularly Washington, 
maine, california, oregon, michigan, and massachusetts — have moved forward with chemicals 
management policy reform efforts. more than 20 states, including new hampshire, vermont, maine, 
massachusetts, rhode island, oregon, and connecticut, have passed legislation to phase out the 
use of mercury in various consumer products.3  in the summer of 2003, california passed a bill that 
prohibits the use of two polybrominated diphenyl ethers, common flame-retardants, in commercial 
products. several additional states have since enacted laws phasing out the use of these same 
flame-retardants. other states have proposed or passed legislation restricting phthalates and 
bisphenol-a in children’s products. While most state initiatives have focused on restrictions on 
single chemicals, major chemicals policy reform bills are likely in the near future, such as the act 
for a healthy massachusetts, which builds on the successful toxics use reduction program and 
would require the development of alternatives assessments and substitution plans for ten priority 
chemicals of concern.
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some governors have advanced chemicals management policies even in the absence of legislation. 
several states and localities have initiated voluntary and mandatory programs to reduce the use 
of persistent bioaccumulative toxics (pBts). in 1998, Washington state approved a statewide policy 
for eliminating pollution caused by pBts. the program designated nine pBts for reduction, and 
included thirteen more in the “pBt Working list” of chemicals for future action plans.4 the state’s 
department of ecology is implementing the program through monitoring, public education and 
outreach, research, and targeted procurement practices. in 1999, the governor of oregon issued 
an executive order directing state officials to achieve zero discharge of persistent chemicals by 
2020.5 in 2006, the governor of maine published an executive order requiring a thorough assess-
ment of the state’s chemicals management policies6 and michigan’s governor used her executive 
powers to call for the development and promotion of green chemistry in that state.7 the state 
of california has a green chemistry initiative8 designed to promote a dialog on chemicals policy 
reform in that state. other states and localities have established procurement policies that prohibit 
the use of certain chemicals and encourage the purchasing of others in state and municipal 
government contracts.
International Successes in the Reform of Chemicals Regulations
But there are important global initiatives as well that are creating the conditions and the impetus 
for modernizing chemicals regulation. most importantly perhaps are policy reforms occurring 
in europe, but others happening at the global level and within industry also provide strong  
incentives for modernization in the united states.
during the last two decades, european countries have been particularly active in pioneering new 
chemicals management policies, in part due to limitations in european union-wide policies.9 the 
nordic countries — sweden, denmark, and norway — have long set the standards for international 
chemicals policy debates in europe, in an attempt to stimulate regional policy. their concerns 
about chemicals involve the contamination of waterways caused by persistent and bioaccumu-
lative pollutants, as well as chemical exposures from everyday products. With a focus on hazardous 
chemicals in products, the nordic countries have implemented policies that involve rapid screening 
processes, publication of “lists of chemicals of concern,” phase-out of harmful chemicals, and the 
development and adoption of safer products through clean technologies and chemical substitution.
other countries also have developed innovative programs.10 the dutch government established  
a strategy on management of substances in 1998 as a multi-stakeholder process to address 
hazardous substances risks. this system placed responsibility on industry to undertake a “quick-
scan” analysis of all chemicals for health and environmental effects. in 1999, the united Kingdom 
issued a voluntary chemicals management policy proposal that sets targets for chemical testing 
and risk reduction decisions and establishes a stakeholder forum to advise the government on 
its chemicals policy. the stakeholder forum developed a set of criteria to enable rapid identification 
of chemicals of concern, leading to implementation of risk management strategies proposed by 
industry. many of these european country initiatives were partially or fully discontinued with 
the passage of new european-wide chemicals policy legislation (see below).
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the canadian environmental protection act of 1999 requires that all existing substances on the 
national domestic substances list (dsl) be sorted by category by the government of canada to 
determine which need further attention.11 using information from canadian industry, academic 
research, and other countries, government scientists at health canada and environment canada 
worked with various business and non-governmental partners in applying a set of rigorous tools 
to each of the approximately 23,000 chemical substances on the dsl. in september 2006, canada 
completed its categorization exercise and the information is now available to the public. the 
canadian government is using the list to focus attention on the chemical substances of highest 
priority for assessment or further research and those in need of controls to protect human 
health and the environment. 
in december 2006, after seven years of drafting and debate, the european union adopted a  
far-reaching new regulation on chemicals management for its 27 member states.12  the overarching 
goals of this new policy known by the acronym reach involve the protection of health and pro-
motion of a non-toxic environment, while preventing fragmentation of the internal european 
market, avoiding barriers to trade, and enhancing the innovation and competitiveness of  
european industry. 
the new policy requires that all chemicals produced or imported into member states at one metric 
ton per year per producer or importer (some 30,000 substances) must be registered with a new 
european chemicals agency in order to remain on the market.13 for chemicals of ten metric tons 
per year or more, registration will require basic ecological and human toxicity data, which will 
be tiered based on production volume as well as the development of a chemical safety report 
which will provide exposure and risk management information for all uses of the chemical along 
supply chains. registrants of substances produced in larger quantities will be required to provide 
a justification for waiving more extensive tests. in addition, chemicals of particular concern will 
be considered for undergoing an evaluation process conducted by the european union countries 
that can result in proposals for accelerated risk management measures, including requirements 
to obtain use-specific authorizations, and, where risks cannot be adequately controlled, restrictions 
and bans on the use of the substances. chemicals of greatest concern, such as known or suspected 
carcinogens, reproductive toxicants or mutagens; persistent, bioaccumulative toxics; and very 
persistent, very bioaccumulative chemicals (approximately 1,400 chemicals), will be identified 
as candidates to undergo a government authorization process to continue their use (a reverse 
onus as in drug regulation). authorization will be made on a case-by-case basis considering socio-
economic impact, necessity, health and environmental risks, ability to control exposures, and 
the economic and technical feasibility of alternatives. 
ultimately, reach will significantly affect international chemicals markets, forcing information 
to more effectively flow up and down supply chains and resulting in the “withdrawal” of many 
chemicals from the market due to health concerns or simply the economics of having to develop 
testing data and safety information.
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the passage of the reach regulation follows the recent adoption of two other european union 
directives affecting toxic substances: the directives on Waste from electronic and electrical products 
(Weee) and restrictions on hazardous substances (rohs) which limit the use of certain chemicals 
in electronic products; and the cosmetics directive which restricts carcinogens, mutagens, and 
reproductive toxicants in cosmetic products. Both have had important global implications14 — 
particularly in the united states for manufacturers wishing to export to europe — and a positive 
influence on u.s. state-level policy development efforts. several states, such as massachusetts 
where european exports account for a large percentage of global exports, have initiated dialogs 
with the electronics sector to help prepare them to go beyond Weee and rohs. 
other chemicals management policy drivers exist at the international level.15  they include the 
stockholm convention, which establishes a legally binding means to address threats to health 
and the environment caused by persistent organic pollutants (pops). this agreement brokered 
by the united nations environment program in 2001 establishes an international production 
phase-out of twelve substances, including already restricted pesticides; polychlorinated biphenyls; 
and dioxins and furans. it also provides for financial and technical assistance to developing 
countries in inventorying and destroying existing stocks of pops; international research and 
monitoring of pops; and a “precautionary” process to add new pops to the convention’s list. 
new chemicals currently being discussed as candidates include polybrominated diphenyl 
ethers, lindane, and perfluorinated compounds.
the united nations has undertaken several other initiatives to reduce risks from the global circula-
tion of chemicals.16 the regionally Based assessment of persistent toxic substances builds on the 
stockholm convention to establish a comprehensive regionally based assessment of the damage, 
threats, and concerns posed by persistent toxic substances and to evaluate and agree on priorities 
for intervention. the rotterdam convention on prior informed consent (pic), adopted in 1998, 
facilitates information exchange about hazardous chemicals, their international trade, and restric-
tions on their use. the intergovernmental forum on chemical safety (ifcs), a united nations-
sponsored effort of 120 countries and non-governmental organizations, provides policy guidance 
and makes recommendations on chemicals classification and labeling, pollution prevention, and 
hazard reduction. finally, the united nation’s strategic approach to international chemicals 
management is now viewed as the coordinated effort to strengthen chemicals management 
globally. 
Business Successes in Moving Toward Safer Chemicals
While government activities to reform chemicals regulations are critical, some very important 
market successes also are creating the impetus for reforms. as a result of concerns about the health 
effects of chemicals, customer concerns, or catastrophes involving their products, many leading 
companies are beginning to exert their own market influence to demand safer chemicals in their 
supply chains.17  in some cases, large retailers, such as Wal-mart, h&m, Boots, and marks and spencer, 
have instituted chemicals policies, including restricted substances lists, with which their suppliers 
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must comply. this also is occurring in the health care sector, where various hospital organizations 
and health care purchasing groups are issuing lists of restricted substances. many leading manu-
facturers (“downstream users of chemicals”) are developing processes to prioritize chemicals of 
concern and assess safer alternatives. in some cases, there are sector-wide guidelines on restricted 
substances, such as in the footwear and apparel industry. these firms see the benefits in avoiding 
problem chemicals as well as investing in the implementation of safer alternatives. such actions 
of large firms have the potential to create large-scale market changes in the absence of concrete 
regulations. Business interest in advancing the application of safer chemicals and products has 
led to the formation of new organizations such as the green chemistry and commerce council, 
a network of leading-edge companies that hopes to work with multiple stakeholders in creat-
ing conditions for safer products.
the initiatives outlined above are direct responses to the lack of adequate knowledge and con-
trol of hazardous substances in commerce — in production and everyday products. for many years, 
there has been widespread public concern about human exposure to toxic substances and the 
lack of information on how these exposures might affect health. concerns about the health effects 
of occupational and environmental exposures to mercury, lead, arsenic, asbestos, and chlorinated 
solvents have a long history. more recently, concerns about phthalates and brominated flame 
retardants have been prominent. during the last decade, public disclosures in the united states 
and europe about contaminated food, biotechnology, increasing health threats such as cancer 
and asthma, and pollution of lakes, rivers, and coastal waters have led to a growing recognition 
of the inadequacies of current chemicals management systems to protect human health and 
the environment.
a recent report on chemicals policy in california referred to three key failures of chemicals  
management policies to date: the data gap, the safety gap, and the technology gap.22 
 
The Data Gap
during the last half century, thousands of chemical substances have been developed and put 
into commerce, often with little information about or consideration of their environmental or 
health implications. While we know a lot about some chemicals, for a large percentage of chemical 
substances, there is still little information on their health implications, and more importantly their 
exposures, and how they are used throughout supply chains (and the economy). for example, 
we have little information on what chemicals are used in what products, how the chemicals can 
lead to consumer exposures, and what potential alternatives might exist. studies conducted by 
both the u.s. environmental protection agency (epa) and the european chemicals Bureau in 
the late 1990s highlighted the serious lack of information about the toxicity of some of the 
most frequently used chemicals on the market today.
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initial research by the epa found that less than ten percent of the approximately 2,800 high pro-
duction volume chemicals (those produced over one million pounds per year) had a basic set of 
publicly available toxicity information. during the last decade, the chemical industry has worked 
with the epa through the high production volume chemical challenge program to fill these gaps.23  
however, significant information remains missing on chemicals produced in smaller volumes 
and those in mixtures of chemicals. Without adequate health and environmental effects data, it 
is difficult to assess the risks of chemicals, set science-informed priorities, or feel confident that 
chemical substitutes are safer than chemicals of concern. Without data on exposures, uses, and 
supply chain flows, it is impossible to effectively manage chemicals or understand their environ-
mental fates. unfortunately, under the current system while data are collected, the lack of evidence 
of toxicity is often misinterpreted as evidence of safety, and the status quo — allowing exposure 
to continue — is maintained. collecting more data — on chemical toxicity, human body burdens, 
exposures, and uses — is critical to understanding how chemicals can affect human and ecosystem 
health as well as to effective chemicals management; however, study alone will not prevent harm.
The Safety Gap
even when basic toxicity information is compiled, it is fed into a regulatory system in which the 
burden rests on government agencies to conclusively demonstrate the risks that each individual 
substance poses to health or ecosystems before preventive action can be taken. this scenario 
developed in part because under the federal tsca all chemicals on the market when the law came 
into effect in 1980 (about 99% by volume of chemicals on the market today) were assumed safe 
until it was demonstrated that they presented an “unreasonable risk.”  demonstrating an unrea-
sonable risk means that the epa must present strong toxicological evidence (using quantitative 
risk assessment, a tool which is both expensive and time consuming), as well as show that the 
benefits of regulation outweigh the risks of not regulating, and that the least burdensome 
means to reduce risk was chosen. 
the regulation of chemicals in the united states is split between different federal agencies and 
divided among divisions even within the epa. the agency focus has been disjointed and reactive 
in nature, often responding to well-established problems by managing or reducing exposure  
to individual harmful chemicals rather than stimulating the development of safer and cleaner 
chemicals, production systems, and products. during the 1970s, the u.s. congress enacted a suite 
of broad regulatory statutes to control chemical releases to the air, water, and land through facility 
release permits. these media-focused waste and pollution control regulations, plus consumer 
product safety, pesticide, and occupational health laws, have had some successes in limiting ex-
posures to toxic substances from manufacturing, use, and disposal processes, but they do not 
address in any integrated manner the entire lifecycle of chemicals from production through disposal. 
indeed, there is growing recognition that chemicals used in everyday products — which can be 
widely dispersed in the environment and pose significant risks to humans and ecosystems —have 
been largely ignored under current chemicals regulations. our current laws were written at a 
time when chemical concerns were related to large-scale exposures from a few manufacturing 
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firms and very pronounced health effects (acute toxicity, cancer). We are now learning that 
smaller exposures at critical windows of development can result in often subtle but important 
adverse health effects. rather than large volumes of hazardous chemicals generated by a few 
large industries, today we find small amounts of toxic chemicals released from a wide range of 
products ubiquitously distributed about our homes and workplaces. current laws are inadequate  
to address these kinds of exposures.
The Technology Gap
there is little incentive under the current system to use safer chemicals if the more dangerous 
ones are not regulated. While the epa has undertaken significant steps in working with industry 
to design safer chemicals and products, through its design for environment and green chemistry 
efforts, these programs are woefully under-funded and marginalized. for example, the epa has 
provided tools to industry to more effectively integrate health and environmental concerns at 
the design stage of chemicals, but few chemicals that have come through the agency’s new 
chemicals review process have gone on to reach market prominence. indeed, even less funding 
is available for the research and development of safer chemicals and products at the state or 
federal level. only when governments provide the needed regulatory and market drivers can 
the development of safer chemicals become the norm rather than the exception.
many of the early federal environmental protection statutes contained bold and far-reaching 
chemicals management goals and policies, such as the clean Water act’s goal of clean water 
bodies by 1986. however, in practice, many of these bold goals have never been attained. 
in particular, tsca, enacted in 1976, established programs for addressing existing chemicals on 
the market prior to 1980 and new chemicals entering the market since then.24 the new chemicals 
program provides a 90-day period (with a potential 90-day extension) for the epa to review appli-
cations for new chemicals.25  While the agency uses its authorities to discourage new harmful 
substances, it is hampered by the short time period and by having no minimum set of pre-manu-
facture data requirements. as noted above, even less authority exists for addressing the risks 
posed by existing chemical substances, which constitute the vast majority of chemicals by volume 
on the market today. these chemicals arguably pose the greatest risk to health and the environment, 
but the government has only been able to use its authorities a few times to restrict dangerous 
chemicals given the high burden of evidence required and the resource investment needed to 
fulfill requirements. the evidentiary bar is set too high for the majority of conventional chemicals 
of concern (carcinogens, reproductive toxins) and beyond reach for chemicals that pose newer, 
more subtle concerns, such as neurotoxins, endocrine disrupters, and allergens. even chemical 
testing requirements are hindered by burdens placed on the agency before testing is required. 
since a federal appeals court in 1991 struck down the epa’s regulation of asbestos for failing to 
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meet this burden, the agency has had neither the resources nor the ambition to apply these 
regulatory authorities under tsca. 
these limitations of tsca have been broadly described elsewhere over the last twenty years.26 
despite the limitations, there has been little momentum to reform or update tsca. as a result, 
the epa has been forced to rely on voluntary challenge programs with varying degrees of success, 
such as the high production volume challenge, to address gaps in chemicals regulations and 
limits on the agency’s ability to implement its authorities.
despite the limits of tsca (and given increased attention and interest in voluntary pollution 
prevention activities), the epa has initiated, through its office of pollution prevention and toxics, a 
number of voluntary outreach, education, and demonstration programs to encourage industry 
to reduce hazardous chemicals use, develop cleaner, safer chemicals, and design cleaner products. 
they include various sector-based initiatives, such as the common sense initiative and the cleaner 
technology substitutes analysis program, as well as the design for environment program. the 
agency also has programs to encourage industry to develop better data on chemical risks, such 
as the high production volume challenge and the voluntary children’s testing program. While 
useful tools for chemicals management, these programs have been limited by the lack of a  
regulatory backbone to ensure broad application.27
even a modest overview of the current state of chemicals management policy in the united states 
reveals the significant disparity between the public concerns about hazardous chemicals and the 
limited and disjointed policy infrastructure for addressing those chemicals. The public expects and 
public health requires that toxic and hazardous chemicals should be managed safely and responsibly. 
however, neither government nor the regulated industries and institutions can meet these ex-
pectations within the current policy framework. there is a critical need for new directions for 
chemicals management policy in the united states. if history provides lessons, it is likely that any 
reforms in chemicals regulation will likely occur first at the state level. state- level discussions 
on chemicals policy reform have evolved in part due to the lack of federal leadership, concerns 
about the build-up of chemicals in the environment and their impacts, and advocacy campaigns 
for change. states have been the laboratories of innovation in environmental policy in part because 
the impacts of chemicals are local in nature and greater stakeholder dialog tends to occur locally.
The Elements of Reform
new policy directions must take into consideration the scale of the chemicals market and the 
paucity of appropriate information on thousands of existing chemicals that are widely used in 
commercial products and industrial production. there is a clear need to shift the burden for 
generating this data from the government to the manufacturers and users of these chemicals. 
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to facilitate it, much more attention should be given to the flow of information, from supplier to 
chemical user, from chemical user to customer, from chemical processor to the concerned public, 
and from the chemical industry to the government. the scale and current uncertainty involved 
in continued chemicals use and public exposure requires a more judicious and cautious approach, 
and government agencies must be liberated from the long, costly, and contentious risk assessment 
and cost/benefit procedures that currently stall effective risk reduction efforts. We must invest 
more heavily in classifying and categorizing chemicals so as to overcome the need to spend years 
addressing each substance singly and enhance the focus on alternatives assessment in policy, 
the evaluation of chemical, process, or functional alternatives that can replace a chemical of 
concern. finally, there is a need to focus on the creation of new safer and more environmentally 
compatible chemicals that can serve as substitutes and replacements for chemicals whose use 
has been continued because there are no effective alternatives. there is substantial need for 
good science here — science for understanding toxicity and risk and green chemistry science 
for developing alternatives. there also is a need for more substantial political will and a more 
serious political commitment to ensuring a sustainable future. 
a major restructuring of the nation’s chemicals policies must be composed as a comprehensive 
and integrated framework to avoid the current problems caused by diverse and ill-coordinated 
responsibilities. however, it is possible to consider a range of policy options that could be adopted 
as interim steps. many potential policy options could be adopted at state, local, or regional levels 
as experiments and pilots to demonstrate effectiveness and potential problems before launching 
broad national reforms.
this collection of policy analyses presents options for policy reform with the conviction that 
state and local governments can play a significant role in promoting national policy reform. to 
make dialog, understanding, and action on chemicals policy reform more manageable, we have 
divided reform efforts into six “modules.”  comprehensive reform of chemicals policy would include 
at least some elements of each. in each module, the pros and cons and examples of a range  
of voluntary and regulatory policy options are presented. the six modules address:
• testing and information generation — options to ensure generation of adequate data  
on chemical toxicity, use, and exposure.
• information in the production supply chain — options to ensure that data are shared 
throughout supply chains, including the public, to enhance the abilities of chemicals users 
to make informed decisions leading towards safer chemicals and products.
• screening, assessment, prioritization and decision-making — options to enhance the 
ability of agencies to more rapidly screen, prioritize, and make decisions on a broader 
range of substances.
• chemical substitution and use reduction—options to enhance toxic chemicals use  
reduction and substitution of problems by safer alternatives.
• innovation and green chemistry — options to encourage research, development, and 
adoption of safer chemicals and products.
• program administration and implementation — options and considerations for effective 
implementation of chemicals policy reform. 
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given growing concerns about the health and safety implications of nanomaterials, the current 
lack of federal government oversight, and the fact that industrial use of emerging materials tends 
to be regulated like industrial chemicals (for example, industrial uses of biotechnology), a last 
module explores how policy options in the six modules could be effectively applied to the  
regulation of emerging materials, with particular emphasis on nanomaterials. 
the goal of this report is to provide a menu of options that states, regions, or the federal govern-
ment can choose from to implement reforms. many of the options could be implemented at the 
state level (such as alternatives assessment requirements) while some (such as toxicity testing) 
would be most effectively implemented at the federal level. the module on program adminis-
tration is particularly important, given the size of the reforms envisioned and the fact that to  
be successful, a program must be implementable, enforceable, and accountable. 
 
the broad overhaul envisioned here is a significant undertaking. many policy instruments should 
be considered, ranging from new legal authorities to restrict chemical use, to new funding for 
well-targeted research, new programs to encourage the development of safer chemicals, and 
new efforts to present data and assure that it reaches key decision-makers in government and 
business. even simple bans and restrictions on individual chemicals present challenges in imple-
mentation. policy-makers and other stakeholders must be cognizant of these challenges because 
a poorly implemented policy with limited results will create skepticism towards government’s 
ability to manage chemicals and hinder future efforts at reform. 
 some potential pragmatic challenges to state-level chemicals policy reforms include:
• agency resources and capacty. most of the chemicals policy options outlined in the six 
options modules require some level (which can vary widely) of agency implementation. it 
is a challenge given that many state environmental agencies have had significant budget 
reductions over the last decade. resources will be necessary for:  developing new databases 
and data collection systems; chemical review, alternatives assessments, stakeholder engage-
ment, developing guidance documents and technical support, and enforcement. enforce-
ment is particularly important, since implementation and compliance will depend both 
on a serious threat of action if a firm does not comply with requirements as well as support 
measures to help firms. many activities, such as new data collection schemes, databases, 
and assessment protocols, may require a large upfront investment to develop the schemes 
and capacity. for example, if a state wishes to track chemicals in products in the state (includ-
ing those coming into the state), it will have to develop some type of product registry system, 
guidance, and enforcement measures — a very large undertaking though not impossible, 
as the nordic product registers demonstrate. 
 
T h E  C h a L L E n g E  O F  R E F O R m I n g  C h E m I C a L s      
m a n a g E m E n T  P O L I C I E s  a T  T h E  s T a T E  L E V E L
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capacity is as important as financial resources. many agencies lack toxicological or risk 
assessment capacities and others lack strong capacities in pollution prevention and safer 
chemicals and materials development. agencies will need adequate capacity to allow  
implementation of new policies.  
 
While increasing the budgets of agencies — through increased state budget line item 
funding or some kind of fee structure on chemicals — is an important step, some of these 
resource and capacity issues could be resolved through greater intra- and interstate collabo-
ration. for example, environment agencies could collaborate with university centers or other 
agencies (as is the case in massachusetts under the toxics use reduction act) to implement 
parts of reforms, taking advantage of resources within the state. states also could form 
interstate consortiums, for example, an interstate chemicals clearinghouse to share the 
costs of developing new data collection systems on chemical hazards and use or to split 
the burden of undertaking chemical alternatives assessments. there are some models  
of such collaboration that should be explored. 
 
these capacity issues also refer to companies implementing chemicals policies as well as 
the ability of stakeholders to participate in chemicals policy reform dialogs. many small- and 
medium-sized companies, where the environment director plays many different roles, lack 
capacity for large-scale data collection and assessment or implementation of alternatives 
or sufficient market power to demand data from suppliers. as such, technical assistance 
programs must be a critical component of any reform effort. 
• End-of-lfe consderatons. restricting a substance that is widely used in products also will 
require instituting measures to ensure that the chemical does not end up in the environment 
at the end of product lifecycles. it will require that policies do not encourage the introduction 
of these materials into the environment. for example, environmentally oriented recycled 
carpeting regulations in some states could lead to dispersed reintroduction of polybromi-
nated diphenyl ethers into the environment from recycled foam cushions. the experience 
with mercury demonstrates that end-of-life collection of problem materials can be accom-
plished but is not a simple matter. however, particularly for materials that are persistent 
and bioaccumulative, end-of-life impacts of existing substances subject to restrictions must 
be considered. the history of clean up of hazardous waste sites provides ample evidence 
of the need to consider the end-of-life of chemicals and products containing them. 
 
• uncertanty and lmts of scence. there is still much that we do not know about chemical 
toxicity, the cumulative impacts of multiple chemical exposures (which are commonplace), 
and how chemicals are used throughout supply chains. Well-designed chemicals policies 
will fill these gaps but will not eliminate them. thus, it is critical that decision-making on 
chemicals not be paralyzed by uncertainty but recognize that uncertainty will always be 
an inherent aspect of chemicals management efforts. designing policies that are adaptable 
to new knowledge, assure an ability to make rapid decisions, and allow for follow-up to 
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decisions is important. research on chemical hazards, exposures, uses, and alternatives 
should form part of any policy scheme. in some cases though, decisions will have to be made 
on the basis of less than desirable information, which is where the concept of precaution 
comes in — making decisions to protect health and environment under uncertainty, 
while stimulating innovation in safer chemicals and materials. 
• Jursdctonal ssues. to date, chemicals regulations have been implemented through 
environmental agencies. in some states, however, health departments have played some 
role in chemicals assessment and management. lack of clarity about jurisdiction or multi-
layered jurisdiction can lead to conflicts whereby chemicals management activities suffer. 
for example, when concerns were raised about lead leaching from vinyl lunchboxes, both 
the consumer product safety commission and the food and drug administration viewed 
this product as under their jurisdiction (one the outside of the lunchbox and one the inside). 
chemicals policies should clearly lay out responsibilities and accountability for different 
aspects of chemicals policies and how conflicts in jurisdiction should be handled. ideally, 
new agencies or divisions within agencies that address chemicals policy would make  
for a more effective implementation.  
• holstc thnkng. since to date chemicals policy has been largely implemented in environ-
mental agencies, there is a chance that concerns about risk trade-offs to workers or consumers 
or jobs may not be adequately addressed. for example, if an agency is only focused on 
persistent and Bioaccumulative toxics (pBts) (an environmental hazard), it may restrict one 
but the alternative may be a substance that increases worker risks (a neurotoxicant). in some 
communities, acutely toxic chemicals — for example, from a refiner — may be of greater 
concern than pBts. as such, thinking holistically about implementing chemicals policy — 
considering worker, environment, community, and consumer health and a broad range  
of substances — will help ensure that chemical hazards are addressed in as thoughtful  
a way as possible. 
 
• Imports. chemicals and products containing chemicals may be manufactured in a particular 
state. however, they also may be imported into the state from another state or another 
country. the recent concerns raised about lead in toy imports from china demonstrate the 
challenge of tracking millions of products from throughout the globe. While states have 
successfully addressed chemicals management in their manufacturing facilities (for example, 
in massachusetts), chemicals in products may present equally important risks to health and 
environment. policies will have to establish mechanisms to ensure compliance of out-of-state 
and global manufacturers with chemicals policy requirements and inspection capacity to 
ensure compliance. multi-state collaborations where resources are shared among states 
may help.
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additional considerations and challenges that must be acknowledged include:  harmonization 
with other laws nationally and globally (for example in labeling requirements); measurability of 
results (how to know whether policies are effective); transparency of process and decisions; and 
flexibility to grow to changing conditions.
While there are plenty of challenges to implementation of chemicals policy reforms, there are 
many opportunities at this point in time. growing public awareness about chemical hazards 
and limits of current policies, the european reach legislation, several state-level policy dialogs, 
the growth of green chemistry and leadership of many in industry make this an opportune time 
to innovate and experiment at the state level. We need laboratories of innovation to try out new 
chemicals policies and refine them, new collaborations of states, and ultimately a federal dialog 
on long-term chemicals policy reform. reform may not be easy, but we have little choice. the 
long-term health of our children and planet and sustainable industries and jobs depend on  
beginning the process of finding solutions today.
C O n C L u s I O n
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module 1:  policy options for generating information for sound chemicals management
information is critical to sound decision-making, and chemicals policies are no  
exception. indeed, a core function of a chemicals policy should be its ability to  
facilitate or require the generation of information that can be used to identify and characterize 
a chemical, understand its manufacturing and use, assess its hazards  and exposure potential, 
and so forth. 
in considering the role of information generation in chemicals policies, there are  
several basic questions:  
• What types of decisions are to be informed by the information?
• What types of information may need to be generated?
• What characteristics of the information determine its utility, adequacy, quality, and  
confidence level?
• What methods can be used to generate the information?
• What options are available to government to facilitate or require information generation?
• how can the reliability of information be enhanced?
this module will explore each of these issues, highlighting important policy  
considerations and options.
current federal policy is plagued with constraints with respect to the generation  
of chemical information and providing access to it. some of the major constraints  
are described below.1
m o d u l e  1
policy options for generating information  
for sound chemicals management
how can states best develop chemcal hazard and  
exposure data and what factors must be consdered  
n developng and usng such nformaton?
n  richard a.       
      denison
P R O b L E m  s T a T E m E n T
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Dearth of Data on Industrial Chemical Hazards
current u.s. policy toward industrial chemicals2 creates a number of significant barriers to the 
development of better information about chemical hazards. first, by allowing the tens of thousands 
of unassessed chemicals already in commerce to remain in use without condition, it effectively 
rewards ignorance rather than knowledge. only if government somehow obtains or develops 
information sufficient to demonstrate a chemical “presents or will present an unreasonable risk” 
does it have the authority to prohibit or restrict its production or use. in such a climate, compa-
nies have little incentive to test their chemicals for potential hazards since doing so would only 
increase the likelihood that evidence of harm would be found.3  
epa is not required to assess industrial chemicals already in commerce and hence is unlikely on 
its own to encounter evidence of potential risk. indeed, epa has assessed fewer than two percent 
of the chemicals that were in commerce when the toxic substances control act (tsca) was enacted;4 
these assessments were spurred mostly by epa’s receipt of information from industry, other 
governments, or the public indicating potential risk.
epa does review new chemicals on the basis of the limited information required to be submitted 
by companies in the premanufacture notifications (pmns) they must file before they can commence 
production. however — unlike virtually all other developed countries — tsca does not require 
(or allow epa to require) a minimum base set of data on a chemical’s environmental fate and 
behavior, toxicity or ecotoxicity. although epa encourages such data to be included in the pmn, 
the great majority of pmns do not.5  this lack of data reflects in part the fact that notification takes 
place at a relatively early point in the course of developing, manufacturing, and marketing a new 
chemical, when it may not be realistic to expect a company to have conducted much testing. 
government intervention at this stage has the advantage of flagging potential concerns before 
manufacturing has commenced and before significant financial investment has been made by 
the producer. it also has the potential to allow redesign of the manufacturing process or the 
chemical itself to eliminate or reduce the concern in advance of commercialization.6 however, 
the lack of data on a chemical’s hazards and other properties, and the more speculative nature 
of information on its potential uses, releases, and exposures can severely limit the robustness  
of any risk evaluation conducted at this stage.7 this limitation is exacerbated further by the  
fact that typically there is only one opportunity for epa review of a new chemical.
second, government’s ability to compel the generation of hazard information is also constrained: 
to require a company to test a chemical, government must already have substantial information 
about it — enough to demonstrate that it “may present an unreasonable risk” or that it is produced 
in large quantities and results in significant environmental releases or human exposures — a classic 
catch-22:  EPa must already have substantal evdence of potental rsk or hgh exposure 
to drect a company to develop nformaton needed to determne whether there s actual 
rsk.8 to compel testing, epa must promulgate a regulation, which typically takes many years and 
substantial agency resources. these burdens are sufficiently high that, in the 30 years since 
tsca was enacted, epa has required testing for fewer than 200 chemicals.9
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the magnitude of the hazard data gap for industrial chemicals was illuminated in a series of studies 
conducted in the 1980s and 1990s that documented the dearth of publicly available hazard data 
even for those chemicals produced and used in the largest quantities. these efforts culminated in 
a 1998 epa report that found that 43 percent of the roughly 3,000 chemicals produced in annual 
quantities of one million pounds or more (so-called high production volume, or hpv, chemicals) 
had no publicly available screening-level hazard data, and only seven percent had a complete 
screening-level base set when measured against an internationally agreed minimum data set.10
these circumstances — large data gaps and limited regulatory authority — have led epa to rely 
on voluntary efforts to obtain more information on existing chemicals. the most notable of them 
is the u.s. high production volume (hpv) chemicals challenge program,11 which enlists producers 
of hpv chemicals to voluntarily develop and make publicly available a “base set” of screening-level 
hazard information12 on their chemicals. the hpv challenge is the only systematic effort by epa 
to call for basic hazard data on a relatively large number of existing chemicals. Because it is volun-
tary, it also sidesteps the “unreasonable risk” and other findings epa must make to compel data 
development and submission. however, for the same reason, epa also has had limited recourse 
to ensure full participation by manufacturers or the timely submission and high quality of hazard 
data sets developed for hpv chemicals.13
the data gaps and limited authorities just described for industrial chemicals are in marked con-
trast to the situation for other classes of chemicals, most notably pharmaceuticals and pesticides. 
for these chemicals — regulated under other statutes — extensive data are required to be generated 
by their producers and government review and approval are required as conditions for entering 
or remaining on the market. for example, under the federal insecticide, fungicide and rodenticide 
act (fifra), pesticides must be registered with epa and are subject to extensive testing and 
government approval processes. as stated by epa:  “Before registering a new pesticide or new 
use for a registered pesticide, epa must first ensure that the pesticide, when used according to 
label directions, can be used with a reasonable certainty of no harm to human health and without 
posing unreasonable risks to the environment. to make such determinations, epa requires more 
than 100 different scientific studies and tests from applicants. Where pesticides may be used on 
food or feed crops, epa also sets tolerances (maximum pesticide residue levels) for the amount 
of the pesticide that can legally remain in or on foods.”14 amendments to fifra adopted in 1998 
also required pesticides already in use to be re-registered and re-assessed for safety.15
Limitations to Data on Chemical Uses and Exposures
While the federal government does have a number of programs to collect information related to 
chemical uses, releases, and exposures, each has a number of significant limitations that preclude 
such programs from providing a comprehensive set of information to inform policy and regula-
tion. this section describes several examples of current programs along with their limitations.
Reportng of chemcal use nformaton: for chemicals already in commerce, epa requires reporting 
of only limited information on how chemicals are used and the extent to which environmental 
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releases or exposures to workers, consumers, or the environment may occur, and it does so infre-
quently. under tsca, such reporting can be required only of chemical manufacturers (and in some 
cases, processors), but not of companies that use chemicals, whether directly or as ingredients 
in products. 
routine but limited reporting of use and exposure information by manufacturers has just been 
initiated under epa’s inventory update rule (iur).16 Beginning in the 2006 reporting cycle, “known 
or reasonably ascertainable” information is required of all manufacturers of non-exempt17 
chemicals in amounts of 25,000 pounds or more per year per site pertaining to:
• the number of workers reasonably likely to be exposed to the chemical substance at the site;
• physical form(s) of the chemical substance as it leaves the submitter’s possession, along 
with the associated percent of total production volume; and 
• the maximum concentration of the chemical substance as it leaves the submitter’s  
possession. 
for chemicals manufactured in amounts of 300,000 pounds or more per year per site,18 additional 
information must be reported, to the extent it is “readily obtainable,” on: the number of downstream 
processing and use sites, numbers of workers reasonably likely to be exposed to the chemical 
substance across all such sites, types of commercial and consumer uses, amounts in each use 
category, and maximum concentrations in commercial and consumer products.
fewer than 10,000 chemicals are now covered by any reporting requirements and only a few 
thousand of them will be subject to the more extensive reporting that extends to downstream 
processing and use information. reporting is required only once every five years and then only 
for a single reporting year. epa’s experience with past iur reporting of production data (which 
used to occur every four years) shows that there is enormous fluctuation from one reporting cycle 
to the next that must reflect underlying changes in chemical use patterns.19 these data demon-
strate that infrequent reporting yields a highly inaccurate picture of actual manufacturing levels 
over time, and this inaccuracy is likely to extend to the use and exposure information epa is now 
beginning to collect.
under tsca section 8(a), epa can use case-by-case rulemaking to require manufacturers and 
processors of specified chemicals to report basic manufacture and use information.20 each such 
request requires a separate rule and provides for only one-time reporting, although a single 
rule can cover multiple chemicals. epa has standardized this type of regulation in the form of  
a preliminary assessment information reporting (pair) rule, approximately 33 of which have 
been issued for about 1,200 chemicals.21
for new chemicals, premanufacture notifications (pmns) that are required to be filed at least 90 
days before commencing manufacture must include basic information on anticipated use, production 
volume, exposure and release — to the extent it is known or reasonably foreseeable by the sub-
mitter at the premanufacture stage. tsca does not provide for any updating of that information once 
manufacture actually begins, outside of any iur reporting to which the chemical may become subject. 
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Envronmental release nformaton:  generation or calculation of data on direct environmental 
releases and exposures takes place under a few programs at the federal level. under the usepa’s 
toxics release inventory (tri) program, certain types of facilities are required to annually report 
measured or calculated quantities of each of about 650 designated chemicals that they release 
to air or water or manage in the form of wastes (including through disposal, treatment, recycling, 
or burning for energy recovery, either on- or off-site).22  these facility-specific data are then made 
public. as with iur reporting, however, the reporting thresholds have recently been raised; for 
most tri chemicals, full reports detailing amounts and means of release or waste management, 
previously required for facilities releasing or handling more than 500 pounds annually, are now 
required only if more than 5,000 pounds are released or managed, as long as 2,000 pounds or 
less is released. Below the thresholds, only a certification is required, devoid of quantities or  
release/management information.23
Envronmental montorng:  the federal government also conducts limited monitoring of 
chemicals in environmental media. for example, in recent years the u.s. geological survey’s (usgs) 
toxic substances hydrology program24 has pioneered the analysis of selected u.s. surface and 
ground waters for the presence of various types of chemicals, including industrial and agricultural 
chemicals, but also so-called “emerging contaminants” such as human pharmaceuticals (for example, 
the antibiotic sulfamethoxazole),  and ingredients used in personal care and other formulated 
consumer products like detergents (for example, nonylphenol, a breakdown product of a com-
mon class of surfactants). the latter are chemicals for which monitoring has typically not been 
required and were long assumed to be removed by wastewater treatment and hence not enter 
the environment. yet usgs data show that dozens of such chemicals can routinely be detected 
in such watersheds, and are found in highest concentrations just downstream of wastewater treat-
ment plants but are also present in more pristine waters.25 according to the usgs, such chemicals 
“are commonly present in streams and, to a lesser extent, aquifers, particularly at sites that are 
immediately downstream or down gradient of contaminant sources. detection of multiple 
[chemicals] was common, with as many as 38 being found in a single water sample. these results 
indicate that synergistic or additive effects from mixtures will need to be evaluated.…some of 
the most frequently detected compounds included cholesterol (plant and animal steroid), deet 
(insect repellent), caffeine (stimulant), triclosan (antimicrobial disinfectant), and tri(2-chloroethyl) 
phosphate (fire retardant).”26 as usgs points out, however, these data are often hard to interpret 
as water quality standards do not exist for most such chemicals and the nature and extent of their 
biological significance for both aquatic organisms and humans (through food chain and drinking 
water exposures) has yet to be determined. answering these kinds of questions will require  
research and funding well beyond that made available to usgs.
bomontorng:  since 1999, through the centers for disease control’s national health and  
nutrition examination survey (nhanes), the federal government has measured the levels of a 
limited number of chemicals and their metabolites in samples of human blood and urine every 
two years. the latest survey was published in 2005 and tested samples collected in 2001 and 2002 
for 148 chemicals. While many of the chemicals included are either “historical” (for example, banned 
pesticides, pcBs) or unintentionally produced substances (for example, polycyclic aromatic  
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hydrocarbons, dioxins), human biomonitoring for substances still in commerce (for example, 
phthalate esters, cadmium, mercury, a variety of pesticides) has increased in the more recent survey. 
such biomonitoring represents the most direct evidence for, and a means of measuring, human 
exposure, but to date has focused on chemicals already known to be hazardous and on chemicals 
that tend to bioaccumulate, which are only a subset of chemicals of potential health concern. 
government has yet to conduct broader, more exploratory biomonitoring — aimed at identifying 
the full range of xenobiotics to which humans are exposed, as one means of identifying chemicals 
that are priorities for further scrutiny with respect to both hazard and exposure. in addition, the 
extent of sampling conducted to date is too limited to provide the degree of geospatial “resolu-
tion” that is needed to begin to elucidate exposure routes for chemicals found in human tissues. 
having at least basic, reliable, and current information on how chemicals are produced and used 
as well as their potential hazards and exposures can help to identify and prioritize chemicals of 
concern for further assessment and risk reduction and management efforts. such information is 
also critical in tracking the effectiveness of such measures in actually reducing releases and expo-
sures. equally important, generating a broad base of information about most if not all chemicals 
in commerce aids in identifying not only chemicals of concern, but also chemicals that pose little 
or no risk and hence may serve as potential alternatives or replacements for the riskier ones. 
it is important to clearly and explicitly characterize the extent of information available on chemicals. 
in this regard, attention should be drawn to data gaps as well as available data on chemicals. 
Knowing what information is not available about a chemical can be important to assessing the 
level of confidence that can or should be placed in decisions concerning that chemical. and 
prominently identifying missing data can provide incentives to develop more and better data.
finally, independent of the extent to which government itself acts on chemical information to 
identify and reduce or manage risks, the generation of such information — coupled with providing 
broad access to it — can empower a host of other actors to make better decisions about the 
chemicals they produce, use, sell, or purchase. access to such information may well drive market 
demands for more information and migration away from chemicals known or suspected of  
being risky, even without direct government intervention.
decisions clearly need to be informed by information, but how much is needed?  Which types and 
how much information is needed, and how comprehensive, detailed, and reliable it needs to be, 
depend on what type of decision is being made. seeking to match and align the decision being 
made with the extent of information needed can be important, for several reasons. generating 
W h Y  I n F O R m a T I O n  O n  C h E m I C a L  h a z a R D ,  u s E ,  
a n D  E x P O s u R E  I s  I m P O R T a n T
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and managing information require resources (time, money), so requiring more information than 
is needed or can be managed can be inefficient or even counterproductive. some types of decisions 
can be made with less complete or certain information, and demands for more information can 
result in or even be intentionally used to engender “paralysis by analysis.”
a range of types of decisions requiring chemical information can be envisioned, for example:
• review of chemicals prior or subsequent to their manufacture or use in particular applications;
• initial screening or prioritization of chemicals for further scrutiny or action;
• determination of additional information needs;
• assessment of a chemical’s hazard, exposure, or risk;
• chemical design and product development;
• selecting among alternatives for a given use or function;
• determination of needed controls by government or industry;
• development of regulations; and
• development of purchasing policies or criteria.
While there is no magic formula to determine information needs for a given decision, some 
general principles can be articulated. first, some decisions require less or less certain information 
than others. screening decisions–where a relatively high capture rate of “false positives” can be 
tolerated in exchange for minimizing the exclusion of “false negatives”–can often place lower 
demands on both quantity and quality of information, since initial capture decisions will typically 
be revisited and potentially revised using more and better information. 
second, some decisions require only certain types of information. a decision to identify a chemical 
as sufficiently hazardous as to require the development of better exposure information — for 
example, to list a chemical on the tri and require reporting of information on environmental 
releases — does require good hazard information but should not hinge on significant evidence 
of exposure (and hence risk), since the very purpose of the decision is to develop such informa-
tion. conversely, evidence of exposure (for example, through biomonitoring) should suffice to 
justify the initiation of fairly extensive hazard data development.
third, decisions being made at design or pre-commercial stages of a chemical’s life — such as  
a company deciding whether to proceed with product development or which among several 
alternative substances to choose, or government deciding whether to allow manufacture to 
commence — may warrant, or may of necessity only be possible to be informed by, less information 
than decisions that affect more established chemicals. thorough testing of early product proto-
types may not be practical or desirable, whereas such testing should typically be demanded for 
a chemical already in or headed toward widespread or high-volume production and use.
in general, decisions that are of a more tentative nature or those made at an early stage in a process 
(be it in the course of product development or development of a regulation), and hence are likely 
to be revisited or reconsidered, may tolerate less information, while more definitive and impactful 
decisions demand more. of course, mechanisms are needed to ensure that both the development 
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and reconsideration of better information actually take place as the degree of confidence needed 
in a decision increases.
finally, decisions to collect or generate certain types of information may be triggered by what 
previously collected information reveals:  for example, detection of a chemical in a biomonitoring 
program could lead to a decision to require more extensive testing for hazardous properties, or, 
conversely, evidence of hazard to humans or environmental persistence could trigger a require-
ment to conduct biomonitoring for a chemical. data in some cases may be developed through 
tiered approaches, where indications of adverse effects in a set of relatively simple or inexpensive 
tests (often called screening-level tests) would trigger more extensive testing. While such approaches 
are widely used, there is considerable concern about sensitivity, that is, the ability of some screening 
tests (for example, in vitro or very short-term in vivo tests) to detect the longer-term or chronic 
effects that really matter. 
Broadly speaking, several major types of information may be needed to inform sound decisions 
concerning safe management of chemicals. they include: 
• information on a chemical’s inherent characteristics:
– identity, trade name(s), molecular structure, composition, physical-chemical properties, 
physical form, and so forth.
– environmental fate and behavior in various environmental media, including its parti-
tioning and transport among various environmental compartments and its potential 
to accumulate in them; its persistence and susceptibility to degradation (as well as the 
identity and characterization of breakdown products); and so forth.
– Biological fate and behavior, including its proclivity for being taken up into or entering 
living organisms; its movement and distribution within them; its biopersistence and 
potential to accumulate or be metabolized, degraded, or otherwise transformed; and 
so forth.
– toxicity to living organisms.
• information on production, handling, use, and lifecycle management:
– Where, in what quantities and forms, and how the chemical is — and is recommended 
to be safely — produced, processed, handled, stored, and transported.
– its functional characteristics, and in what form(s), for what purpose and how the chemical 
is used, and what alternatives are available.
– its fate after use.
• information concerning potential and actual releases and exposures:
– how and to what extent the chemical is released and people (workers, consumers, 
general public) or the environment are or could be exposed to it.
– the extent of its presence in the environment and organisms, including humans.
T Y P E s  O F  I n F O R m a T I O n  T h a T  m a Y  b E  n E E D E D
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many other characteristics of the information will determine if, when, and where it is needed, 
useful, and appropriate to be used for a given decision. to be of use, the information must be 
sufficiently reliable (for example, current, accurate, viewed as credible) and timely (that is,  
collected or generated and made available at the right time to inform a decision).
the quality of and degree of confidence that can be placed in chemical information are important 
considerations, and need to be characterized and communicated as explicitly as possible. it is also 
critical to ensure that any resulting limitations with regard to appropriate and inappropriate uses of 
the information are understood and communicated. measures and dimensions of quality can include:
• sufficiency of scope and representativeness (for example, the fraction of total production 
or use included; spatial and temporal extent, number of and frequency of samples taken 
in monitoring; number of species or strains subjected to toxicity testing);
• extent of adherence to established and standardized methods, including good laboratory 
practice;
• extent of validation of methods, models, and results;
• extent of documentation provided, including extent of access to underlying raw data;
• extent to which results have been replicated or are independently verified or verifiable;
• currency;
• extent to which data are empirically measured, estimated, modeled, derived through  
expert judgment, based on assumptions;
• characterization and clarity in communication of confidence level or other measures  
of reliability; and
• publication, peer review.
appendix a provides a fuller discussion of steps needed to enhance the quality and reliability  
of chemical information, especially that generated by industry.
as noted earlier, the extent to which data are complete — or alternatively, the extent of data gaps 
— can also be an important measure of data quality. Being able to identify such gaps requires, 
of course, an accepted benchmark for what constitutes sufficient or “complete” data — which can 
in turn depend on the purpose and use of the data. minimum data sets have been developed 
and used in a number of regulatory and voluntary programs (for example, data required for new 
chemical notifications in canada and the organization for economic co-operation and development’s 
(oecd) screening information date set (sids) used in the hpv challenge). perhaps equally needed 
but as yet not well developed would be an articulation of the desired amount of information 
that should be available for all chemicals, or for chemicals used in particular ways (for example, 
present in consumer products). such data sets could serve effectively as both yardsticks and 
goals for measuring progress in closing the gap between what we know and what we should 
know about the chemicals we make and use.
I m P O R T a n T  I n F O R m a T I O n  C h a R a C T E R I s T I C s
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information on hazard and exposure can be developed by a variety of means, which may well 
differ in their associated uncertainty or confidence level. information can be derived:
• empirically through measurement or testing, for example:
– through epidemiological studies or biomonitoring;
– using in vivo or in vitro toxicity test methods; or
– sampling and analysis to measure airborne concentrations in a workplace setting or 
releases to wastewater.
• By estimation through models or interpolation/extrapolation, for example:
– using a quantitative structure-activity relationship (Qsar) model; 27
– using “read across” from structurally related chemicals; 28 or
– using an exposure model to estimate, for example, the concentration of a chemical 
remaining in ambient air following a release or the fraction of a chemical not degraded 
in a wastewater treatment plant.29
• exercising expert and experience-based judgment, for example: 
– By applying weight-of-evidence (Woe) approaches to resolve conflicting information 
or combine pieces of information, none of which alone would be deemed sufficiently 
reliable but which together support a conclusion; or
– By using assumptions considered reasonable in the absence of hard information.30
data generated using these different methods possess inherent differences that in turn affect 
their expected reliability and hence delimit their appropriate use. this factor reinforces the need 
to align the degree of confidence needed for the decision being made to the degree of confidence 
that can be expected from the methods being used to generate information.
the table following displays the rough correlation between the range of methods available; 
their relative reliability, cost, and speed of execution; and their suitability for different types of deci-
sions. one key assumption is made:  that data are of good quality.
the next section describes characteristics and experience with the use of the various available 
methods for assessing hazard, while the section following it does so for exposure-relevant  
information.
Testing for Hazard and Alternative Methods
methods in each of the above categories typically have been used or are allowed to be used to 
meet data requirements in voluntary programs (for example, u.s. high production volume (hpv) 
chemical challenge,31 oecd sids program32) and many regulatory programs (for instance, the 
european union’s reach regulation,33 canada’s new substances notification regulations34).
m E T h O D s  a V a I L a b L E  T O  g E n E R a T E  I n F O R m a T I O n
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hazard data derived from these methods also have been used by government authorities to 
screen or prioritize chemicals for further scrutiny or management. for example:
• as noted earlier, unlike most other developed countries, u.s. law does not require chemical 
manufacturers to provide a “base set” of measured hazard data when notifying authorities 
of their intent to make a new chemical, and hence the great majority of new chemical  
notifications submitted in the u.s. lack such data. in addition, epa is given only 90 days to 
decide whether a chemical needs any restrictions placed on its manufacture or use; if it fails 
to act, manufacture can commence. for these reasons, epa’s new chemicals program has 
developed and made extensive use of quantitative structure–activity relationship (Qsars) 
and category read-across approaches to predict the hazards of chemicals it reviews that 
lack actual test data.35
• under canada’s recently completed domestic substances list (dsl) categorization process, 
health canada established a “data hierarchy” which clearly recognizes that the confidence 
level associated with information from different sources and from the different methods 
described above varies. health canada therefore considered them in the order of their 
associated confidence level, as described below:
 for each endpoint, the substance-specific sources of information are also considered 
hierarchically, with those in which there is greatest confidence being addressed initially. 
acceptable assessments of international or national agencies and secondary reviews 
are consulted initially, followed by original study accounts. if relevant data from these 
methods to assess: Emprcal measurement methods Estmaton/predcton
hazard epidemiological studies in vivo testing in vitro testing Qsar/read-across
Exposure biomonitoring
workplace monitoring exposure modeling
environmental media monitoring use categories
measuring releases  
compARAtive
Relablty vh h m l
Cost vh h m l
speed of development l m h vh
ApplicAbility to 
screenng/ntal revew l m h vh
Fnal decsons vh h m l
l = low; m = medium; h = high; vh = very high
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sources are not identified or are insufficient, predictions of Qsar models, information 
on chemical substructures of concern and analogues or surrogates are considered  
subsequently.36
• the state of Washington recently commissioned an assessment of alternatives to the 
flame retardant decabromodiphenyl ether (deca-Bde) that used Qsar model estimates  
to supplement the test data available to characterize the relative hazards of deca-Bde  
and the alternatives. the models employed were the same as those used by epa’s new 
chemicals program.37   
interest in promoting alternatives to traditional chemical testing is motivated by a desire to gain 
efficiencies in assessing new chemicals prior to market introduction as well as in addressing the 
huge backlog of un- or under-assessed chemicals already on the market; reduce the costs asso-
ciated with traditional testing; and reduce unnecessary use of laboratory animals. they are all worthy 
objectives. at the same time, it is critical that an appropriate balance be struck with other equally 
important objectives:  assuring full protection of human health and the environment; basing 
decisions on scientifically sound and defensible information; ensuring that all assessment infor-
mation used to make such decisions is independently verifiable and reproducible; and maximizing 
transparency in communicating the basis for decisions to stakeholders and the general public.
Transparency:  With any information, but especially that generated by alternative methods, 
transparency is key in both use and communication of conclusions or decisions based on the 
information. the nature, source, and means of derivation of each data value needs to accompany 
it in any subsequent presentation or communication of the data, and should be an integral part 
of the justification provided for any conclusions or decisions based on such data. an assessment 
of the degree of confidence in or reliability of the data is another prerequisite to transparency, and 
any resulting uncertainty should be captured and communicated through a clear articulation of 
appropriate qualifications or limitations that apply to conclusions or decisions based on such 
information.
 
Contnung need for generaton of expermental data:  another essential point is that develop-
ment and improvement of many alternative methods is highly dependent on having a robust and 
expanding underlying dataset of values derived from in vivo testing. such data are necessary both 
for the development and refinement of the algorithms that underpin mathematical predictive 
models (for example, Qsars), and to allow correlations to be established between in vivo results 
and those of other systems (such as in vitro testing). at least in the near term, these alternatives 
will only be as good as the in vivo data that underpin them; without an ongoing commitment 
to enhance databases derived from in vivo testing, the applicability and reliability of such alter-
native methods will not progress to the point where they can fully replace in vivo test systems.
hence, use of alternative methods to direct in vivo testing has its place, but they must be used 
appropriately and with caution, and only where all parties understand how and when to use 
the methods, how to interpret and apply the results, and what the limitations of the methods are.
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important considerations regarding appropriate uses, advantages, and limitations for some  
of these methods are discussed in appendix B.
appendix a provides a fuller discussion of steps needed to enhance the quality and reliability  
of chemical information generated using alternatives to direct in vivo testing.
Generation and Use of Exposure Information
three types of uses of information about chemical exposures are prevalent in existing practice. first, 
exposure information is used directly, in combination with hazard information, to assess the risks 
posed by a chemical, typically under the rubric of risk assessment methodologies. second, exposure 
information is used to identify chemicals of concern or to prioritize among multiple chemicals, 
so that chemicals to which there is significant exposure can be targeted for further assessment 
or control. for example, biomonitoring provides a direct means to identify which chemicals humans 
or non-human organisms are exposed to. (typically, however, chemicals are selected for biomoni-
toring based on some degree of pre-existing evidence of hazard, that is, chemicals are chosen 
for which there is already evidence of toxicity, persistence, or bioaccumulation potential.)
third, and more controversial, exposure information can be used to “moderate” the extent of hazard 
testing required to be conducted or, for a chemical already identified to be hazardous, the priority 
given to further assessment or risk management. an example of the former is reach, under which 
“substance-tailored exposure-driven testing” is available for all of the testing elements required 
for chemicals in the two highest tonnage tiers, and two elements required for chemicals in the 
third highest tonnage tier; the waiver is available to any registrant that can demonstrate that 
exposure to a chemical is low.38  an example of the latter is the oecd sids program, under 
which even a hazardous chemical can be deemed a “low priority for further work,” based on 
consideration of minimal information that suggests exposure is “anticipated to be low.”39
While both hazard and exposure are clearly relevant in determining chemical risks, there are critical 
differences between our ability to assess hazard and exposure that have implications for the 
development and application of chemical exposure assessment policies. and real-world experience 
in chemical assessment programs that have attempted to rely on exposure information to pri-
oritize chemicals also offers lessons for exposure assessment. serious and intrinsic limitations 
apply to the generation and use of exposure information, as described below.
Key dfferences between assessng hazard and exposure:  hazard is largely inherent to a 
substance, while exposure changes with place, use, and time. this means that hazard (and hazard 
characterization or assessment) is relevant whatever the setting or use, while exposure is highly 
site/use-specific. any exposure assessment is necessarily a “snapshot” of current exposure; the 
next new use or activity alters the picture. exposure assessment must therefore be ongoing: scope, 
frequency of measurement must characterize variation in as well as magnitude of exposure.
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mechanisms for generating and evaluating hazard data are far more advanced and accepted 
than for exposure data. extensive international-consensus standards exist for generating hazard 
data; they also address quality/reliability, interpretation, and reproducibility/verifiability. in contrast, 
standardized and routine collection of exposure data is rare and infrequent, and public access 
to such data is even rarer.
for the first time, beginning in 2006, u.s. epa will begin to require the reporting of basic informa-
tion relevant to understanding uses of and exposure to chemicals,40 although it will be limited to 
several thousand high-volume chemicals, and will be collected only once every five years — 
despite enormous documented variability in these chemicals’ production volumes41 that presumably 
also reflect changes in their underlying use patterns.
differential access to both exposure data and the means to generate them can severely limit 
the “reproducibility” of such data. most exposure data and the means to generate them reside 
virtually exclusively with industry. industry’s interest in claiming low exposure must be acknowledged, 
and means that having the ability to independently verify such information is essential. it must 
also be acknowledged that direct access to exposure “settings” is limited even for government 
officials. in addition, as noted earlier, confidential business information (cBi) restrictions limit 
public access to exposure-relevant data; in contrast, hazard data are typically ineligible for cBi 
protection. finally, supply-chain impediments to sharing exposure-relevant information abound, 
where for competitive reasons both suppliers and their customers have only limited access to 
information in the possession of the other party.
Implcatons for polcy:  how should policies and practices address these current realities?  
there is a critical need to develop international consensus guidelines governing the generation 
and use of exposure information, addressing:
• scope, completeness, and quality;
• means of collection, analysis, Qa/Qc, verification, validation and reporting/ presentation 
transparency; and
• representativeness (accounting for both spatial and temporal variability).
equally important is to ensure the capacity exists and is used to provide adequate expert review 
of any reliance on exposure information, to ensure that resulting conclusions or decisions:
• explicitly assess the information’s scope, completeness and quality;
• sufficiently acknowledge limitations and the degree of uncertainty; and
• fully qualify conclusions.
chemical assessment policies must acknowledge and directly address the variable nature of 
exposure. this means that exposure must be periodically reassessed to account for changes over 
time in production and use patterns. a corollary need is that requirements for the prompt reporting 
of such changes needs to be in place. to the extent that modeled as opposed to measured data 
are relied on to provide exposure estimates, policies need to outline procedures to be employed 
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to validate the models, provide public access to the models and their underlying data sets. Just 
as for measured data, policies also need to ensure that models effectively account for variation 
in exposure over time.
With respect to the differential access to exposure-related information, government officials 
need to be provided with authority and be able to demonstrate their ability to independently 
verify exposure data submitted by industry. industry should itself commit to mechanisms such 
as third-party review and public release of all such data. steps to de-bottleneck supply-chain 
flows of exposure-relevant information need to be instituted, by both industry and government. 
finally, the allowed scope of cBi claims for such information should be as limited as possible.
reliance even on reliable and complete exposure information does not preclude the need  
to develop a hazard characterization for a chemical, which has value independent of exposure 
and will virtually inevitably be needed as the exposure situation changes.
sometimes chemical information already exists and can simply be collected and compiled, while 
in other cases it must be generated de novo. some chemical information may be largely in the 
possession of those companies that produce and use the chemical, while some may be indepen-
dently accessible or able to be developed. finally, such information may be published or otherwise 
publicly available, or it may be unpublished or inaccessible (for example, confidential business 
information).
government has several basic options when it comes to facilitating the reporting or generation 
of chemical information. it can:
• itself collect or generate the information;
• require commercial producers or users of chemicals to report existing or generate new 
information;
• request that information be provided voluntarily or provide incentives for companies  
to do so; or
• help to develop and shape a market in which the collection or generation of the infor-
mation has economic value.
each of these options is discussed below, along with advantages and disadvantages of each. 
the table below shows a rough side-by-side comparison of these options, based on criteria 
reflecting these advantages and disadvantages.
g O V E R n m E n T ’ s  O P T I O n s  F O R  g E n E R a T I n g  I n F O R m a T I O n
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1. Government can itself collect or generate the information. 
government can directly conduct testing of chemicals; measure or monitor for them in workplaces, 
environmental media or humans or other organisms; or apply models to develop estimates or 
predictions in the absence of data. this activity can be undertaken through research agencies 
(for example, niehs, niosh) or government laboratories (for example, epa labs), or in some cases 
by regulatory agencies. examples of government-developed chemical information include toxi-
cological testing conducted by the national toxicology program, biomonitoring of human blood 
and urine conducted by the centers for disease control, and workplace inspections and air 
sampling conducted by the occupational safety and health administration.
advantages of direct government generation of information include the following:
• the information will be associated with a relatively high degree of public trust.
• government has direct control over the methods used, the documentation provided, and 
other factors important to developing reliable data in a transparent and accountable manner.
• government, and potentially the public, has full access to the results and underlying data.
among the disadvantages or limitations are the following:
• government bears the cost of generating the information.
• for government to routinely generate data on large number of chemicals could well exceed 
available financial and human resources, including potentially laboratory capacity.
• for new chemicals just being developed or yet to be commercialized, it is more difficult  
to see how government could intervene. 
 gov’t generaton 
of nformaton
gov’t mandate 
to ndustry
gov’t voluntary 
programs
gov’t provson 
of nformaton 
access
burden on, resources req’d of gov’t vh m l l
burden on, resources req’d of ndustry l vh h ?
Relablty of, trust n nformaton vh vl vl ?
Extent of publc access h h m h?
“green chemstry” capacty buldng n ndustry l h m ?
Incentves to dsclose nformaton vh ? ? ?
ablty to ensure desred outcome vh vh m l
Empowerng of others to act m m m h
l = low; m = medium; h = high; vh = very high; ? = uncertain
O P T I O n s
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• government conducting all testing could effectively undermine incentives for companies 
to maintain and enhance their expertise and capacity to consider risk in chemical design, 
that is, green chemistry, and pollution prevention approaches.
2. Government can require commercial producers or users of chemicals to report  
existing or generate new information. 
government imposition of requirements for industry to report existing information or generate 
new information is probably the most common approach used by government to develop chemical 
information. this approach is used across all major types of chemicals, including pesticides, phar-
maceuticals, and industrial chemicals. testing requirements are most commonly imposed at the 
time of a chemical’s first introduction. examples of this approach include the registration of pesti-
cides under the u.s. federal insecticide, fungicide, and rodenticide act (fifra); premanufacturing 
notification requirements for new chemicals (where epa can but relatively infrequently imposes 
testing requirements on a case-by-case basis42), and reporting and test rules, and inventory update 
reporting requirements for existing chemicals, all under tsca; and the reporting, testing, assessment, 
and risk management requirements under the registration provisions of the european union’s 
reach regulation.
under tsca, information reporting and generation requirements can typically only be imposed 
through full notice-and-comment rulemaking. testing rules — in contrast to rules requiring the 
reporting of already existing information — require that government makes certain findings that 
a chemical poses significant potential risk or high exposure. the development of test rules consumes 
significant time and resources, and hence is used only infrequently.43 Where epa determines that 
additional data are needed to assess a new chemical, rather than promulgate a regulation, it 
typically negotiates with notifiers an agreement to conduct testing, which is known as a voluntary 
testing action.44
advantages of government compelling industry to report or generate information include  
the following:
• it embodies a shift in the burden of information development, if not proof of safety,  
to the producers and users of chemicals and away from government.
• information can potentially be developed on many more chemicals than government 
would be able to generate by itself.
• industry potentially has an incentive to develop and use safer chemicals, in order to avoid 
having to report information indicating potential hazard or risk and be required to take 
action to mitigate risk.
disadvantages and limitations include the following:
• industry has an incentive to downplay hazards or risks of its chemicals, which has the  
potential to compromise the reliability of the information it generates.
• selective reporting is a concern, although requirements exist in most jurisdictions compelling 
industry to submit any information indicative of significant risk.
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• under current statutory authorities in the u.s. and canada, government must generally 
demonstrate that an existing chemical may pose a significant risk in order to compel any 
testing.45 under the reach regulation in the eu, preset requirements (the extent of which 
are tied primarily to production volume) to test or submit testing proposals are applicable 
to existing chemicals;46 in order to compel testing beyond these requirements, government 
is not explicitly required to demonstrate potential risk, but any proposed testing require-
ment must undergo an extensive consensus review process among all member states, 
with rights of appeal for the producer.47 
• government resources required to review industry data for quality, accuracy and com-
pleteness are still substantial.
• public trust is typically much lower in information generated by industry than by government.
3. Government can request that information be provided voluntarily or provide  
incentives for companies to do so.
prominent examples of this approach include the u.s. hpv challenge48 and the oecd’s sids program. 
another example where epa has encouraged and provided an incentive to industry to develop 
and submit information is the sustainable futures initiative. companies participating in the initia-
tive receive training and agree to employ the same suite of tools epa uses to assess new chemicals. 
in exchange, participants can qualify for expedited review of their new chemical submissions, 
receive public recognition, and for small businesses, gain access to technical assistance from epa. 
through the initiative, several companies have screened their new chemicals using epa’s method-
ologies, and screened their existing chemical inventories to identify, and in some cases eliminate 
or reduce their use of, pBts.49
advantages, in addition to those listed above for regulatory approaches, of voluntary efforts 
through which industry reports or generates information include the following:
• they bypass statutory findings regarding risk that must be made in some jurisdictions  
to compel testing.
• they can often be implemented more quickly than can regulations.
• they are less likely to be contested by industry than regulations.
disadvantages and limitations, in addition to those listed above for regulatory approaches,  
include the following:
• government has little recourse if data quality is poor, data are incomplete, deadlines are 
not met, or agreed procedures are not followed, since there is no legally binding obligation 
imposed on companies.
• the extent of participation is difficult to predict.
• the ultimate incentive for companies to participate is likely the extent to which government 
can compel testing if the extent of voluntary participation is deemed insufficient; hence, 
the very limitations and constraints government faces in seeking to develop regulations 
may also significantly influence the extent and quality of voluntary participation.
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4. Government can help to develop and shape a market in which the collection or 
generation of the information has economic value. 
government’s provision of broad public access to chemical information it acquires by whatever 
means can itself significantly affect market dynamics and other economic dimensions of decision-
making about chemicals; in this context, the “public” includes end consumers; governmental and 
non-governmental institutions (for example, hospitals), companies that purchase chemical 
products; and companies that make or sell such products. indeed, a field of specialization within 
economics known as information economics has demonstrated that access to information is a 
critical need if markets are to operate properly, and, conversely, that the lack of robust information 
can adversely affect market economies.”50  
one of reach’s main strengths is the extent to which the government intends to make public  
a large amount of the information it receives (as well as the decisions it makes and the basis for 
them), including the identification of substances of very high concern that are to be subject to 
authorization and information about potential substitutes. access to such information may well 
drive market demands for more information and migration away from chemicals known or sus-
pected of being risky, even without direct government intervention.51
the registration requirements for pesticides under fifra and the eu’s reach regulation establish 
that companies must demonstrate that they have rights to the information they submit to meet 
information requirements. if they did not themselves generate the information, they are generally 
required to compensate the owner of the information to gain the right to use it–thereby imparting 
monetary value to the information.
california’s proposition 65 requires companies that make products containing any chemical 
“known to the state of california” to be a carcinogen or reproductive toxicant to label the product 
accordingly–unless the amount of the chemical is below an agreed-upon de minimus level. in 
addition to shifting the burden of proof of safety to companies, proposition 65 arguably economi-
cally rewards companies that generate information about a chemical that allows a no-effect level 
to be set, because they can avoid negative labeling. 
government procurement policies toward products that contain or are made from chemicals 
can influence the value assigned to chemical information. as large purchasers of products and 
services, governments represent a significant increment of market demand. development and 
communication of clear criteria that will govern governments’ purchase of products and services 
involving chemicals can help drive markets toward production and use of safer and better  
characterized chemicals.52
advantages of such approaches include the following:
• they work through and hence are more likely to be aligned with rather than work against 
market incentives and dynamics.
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• they do not require direct government intervention to control or restrict use of certain 
chemicals.
• they potentially empower a much broader array of actors in making informed decisions 
about chemicals.
among their limitations:
• it is difficult to predict the nature and extent or ensure the effectiveness of and track  
actions taken by entities outside government to reduce chemical risks.
• if market dynamics are not working satisfactorily, there is no direct means to compel  
or increase compliance. 
states have a critical role to play in chemicals policy development and implementation, not only 
in affecting practice within their borders, but also in innovating new policy approaches and driving 
national policy forward. the information generation options discussed in this module differ, 
however, in the extent to which they can or should be pursued or implemented at a national 
versus state government level, as well as the extent to which any individual state has the capacity 
or authority to actually do so. a few examples of criteria or considerations that could be used to 
distinguish among the options with respect to state-national differences are provided here, but 
are not meant to be prescriptive or limit what options state governments may wish to pursue.
first, a basic distinction can be drawn between information generation options that require the 
generation of new information versus requiring the reporting of already existing information. 
developing and conducting a testing program, especially for large numbers of chemicals, is likely 
beyond the capacity of most states and is arguably most efficiently and effectively done at a 
national — or even international — level. (more targeted programs focusing on chemicals of 
particular concern to a state may well be appropriate, however.) on the other hand, obtaining 
and using existing information — whether test data or information on chemical uses or releases 
may be more feasible for most states. 
Because the hazards of a chemical are among its intrinsic characteristics, such information is 
universally useful and can be generated and used independent of a specific place and time. in 
contrast, information about a chemical’s use and human or environmental exposure to it is often 
specific to a geographic region and may change over time. for this reason, such information may 
be more appropriately developed at the state level. states can and should take steps to under-
stand which chemicals are produced in or imported into their states, as well as how they are 
transported, stored, processed, and used. data on chemical releases and exposures within a state 
(for example, emissions information, concentrations in a state’s environmental media or food 
supply, biomonitoring of state residents and wildlife, including unique or especially susceptible 
subpopulations) can provide important geospatial information and be essential to setting a state’s 
priorities for action. of course, the development and maintenance of databases of chemical  
R E L E V a n C E  T O  s T a T E - L E V E L  P O L I C Y - m a K I n g
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information can be expensive and may entail specialized expertise that is not readily available 
in all states. coordination among states in developing and sharing such information may prove 
useful in extending expertise and resources and in avoiding duplication; for example, a group of 
states might allocate to specific individual states the task of collecting information for specific 
economic sectors according to their relative importance to the economies or other priorities  
of the members of the group.
states can and do differ with respect to their policy priorities, both from each other and from 
national priorities. these priorities may arise from many different sources; they may be of cultural 
or historic origins, signify economic conditions, or reflect geospatial distinctions, for example, 
the extent of reliance on groundwater; location relative to pollution sources in surrounding states; 
features of the natural landscape (for instance, major watersheds); the nature of land uses or extent 
of urbanization; or the presence of subpopulations dependent on subsistence lifestyles. 
some states have decided to focus on particular classes or uses of chemicals of concern. the 
state of Washington, for example, has established as a priority the identification and restriction 
of pBt chemicals, with an initial focus on mercury and brominated flame retardants.53  as one 
response to the growing contamination of fish — a key state resource — with mercury, the state 
of maine has adopted a product focus, prioritizing the identification and elimination of mercury-
containing products.54  the emphasis on eliminating uses of mercury has extended the state’s 
actions down the supply chain to focus on companies that use mercury in their products, and 
has led it to join forces with other states both in the region and nationally. 
given these distinctions, it makes sense that states will pursue different approaches and will vary 
in the extent to which they pursue the development and use of chemical information. at the same 
time, states should be communicating and coordinating their activities as much as possible, in 
order to learn from each others’ experiences, share information, avoid duplication and exploit 
synergies and economies of scale. 
the development of good information about chemicals underpins all other aspects of chemicals 
policy, including the other modules explored in this project:  information is critical to the evaluation 
and prioritization of chemicals, to consideration of options for hazardous chemical substitution 
and use reduction, to ensuring robust chemical information flows bi-directionally in the supply 
chain, to innovation with respect to green chemistry, and to overall program administration 
and implementation. the development of more and better information will allow us not only to 
identify which chemicals pose risks, but also which ones pose little or no risk and could replace 
riskier ones. indeed, one potentially enormous, but largely unsung, benefit of adopting a com-
prehensive approach that seeks to develop risk profiles for most or all chemicals would be the 
ability to select safer chemicals with confidence.
C O n C L u s I O n
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this module has explored the basic questions of what, how, by whom, for whom, and why chemical 
information is to be generated. many options are available and each has its own strengths and 
weaknesses and appropriate and inappropriate uses. But in general, the module argues for taking 
a broad approach with respect to both the extent of information that should be developed and 
the range of actors and the ways by which that information can be used. Better information, 
coupled with greater access to it, will empower a range of others besides government to act to 
control chemical risks. this includes companies that purchase and use chemicals in their products, 
retailers that sell chemical products, businesses and institutions (for example, hospitals, hotel 
chains) that buy chemical products, as well as workers, consumers, public interest groups,  
government and academic researchers, and the broader public.
56  l  loWell center for sustainaBle production  l  university of massachusetts loWell options for state chemicals policy reform  l  a resource guide  l  5
module 1:  policy options for generating information for sound chemicals management
a P P E n D I x  a
ensuring the credibility of industry-generated  
data and information developed using alternatives 
to direct testing
essentially all policies affecting chemicals — whether the industrial chemicals that are the focus 
of this report, or drugs, cosmetics ingredients, pesticides, or food additives — require or encourage, 
and almost exclusively rely on, chemical producers to generate and submit data on their chemicals. 
as noted above, reach, as well as existing u.s. and canadian approaches to assessing industrial 
chemicals, rely extensively on industry data. While the merits of this approach are subject to 
considerable debate in some circles, implementing viable alternative approaches has proven 
elusive. it is critical, therefore, that every effort be made to ensure that industry-generated data 
used to formulate and support public policy are — and are seen as — credible. this need is even 
more pronounced when one considers the obvious financial incentives industry has in minimizing 
testing costs and being able to maintain that its products are safe.
moreover, cost minimization and efficiency objectives, as well as animal welfare concerns, are 
driving an increasing reliance by both industry and government on alternatives to direct in vivo 
testing, including use of in vitro assays, the use of various estimation and extrapolation methods 
and weight-of-evidence approaches. as already described, these methods have inherent limitations 
as well as legitimate uses. Both industry and regulatory agencies have less experience with them, 
and they often require different types of expertise both to properly use and to critically review. 
finally, standardization of methodologies and guidance on their appropriate and inappropriate 
use are less well-developed than for standard testing methods.
government needs, therefore, to ensure the integrity and appropriate use of these information 
sources in formulating and executing chemicals policies. toward that end, consideration should 
be given to implementing the types of measures indicated below.
• With respect to industry-generated data or other privately funded research, consider:55
– establishment of a registry of health and safety related studies, to ensure that results of 
all initiated studies are reported and made available, along with details of the method 
utilized in each study. this proposal is quite similar to practice already employed in the 
arena of pharmaceuticals regulation.
– requiring government access to all records of privately-sponsored research used in 
setting or implementing public policy. such a requirement already exists for public-
funded research.
– requiring the disclosure of funding sources and extent of sponsor review/approval, as 
well as potential financial conflicts of interest, on the part of researchers who are privately 
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funded and whose research is used in public policy settings. a growing number of  
scientific journals and organizations require such disclosures.
– requiring independent peer review or certification of studies submitted for use in public 
policy contexts, along with transparency safeguards to ensure disclosure of the identity 
of reviewers and any potential conflicts of interest, as well balanced representation of 
the scientific community among reviewers.
• With respect to alternatives to direct testing, consider steps to:56
– avoid over-reliance through the creation of and adherence to clear, scientifically sound 
guidance on the appropriate and inappropriate uses of each alternative method. 
– require justification and appropriate documentation for both use of and decisions 
made based on information derived from alternative methods. 
– ensure careful independent expert review.
– implement safeguards to prevent selective use and reporting, for example, by requiring 
that all results derived using all methods employed be reported to regulatory officials.
– require that any presentation or communication of both the data and conclusions or 
decisions based on data, derived using such methods clearly indicate the nature, 
source and specific means used to derive them. 
– require that an assessment be made of the degree of confidence in or reliability of the 
data, and that resulting uncertainty be communicated and reflected in appropriate 
qualifications of any conclusions or decisions based on such information.
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a P P E n D I x  b
alternatives to in vivo testing for hazard:  
important considerations
In vitro tests: In vitro tests comprise a gamut of different assays, ranging from relatively simple 
protein or receptor binding assays to the complex simulation of heterogeneous tissues outside 
of living organisms. in comparison to the similarly wide range of in vivo tests, in vitro tests offer 
certain advantages: reduced cost, reduced or no sacrifice of animals, generally rapid results, and 
the ability to perform multiple replications or parallel experiments simultaneously. the primary 
disadvantage of in vitro testing is increased uncertainty in interpreting results, due to difficulties 
correlating observed effects with in vivo effects, and the limited ability to account for metabolism 
or other complex interactions that can moderate or exacerbate toxicity in vivo. 
While some in vitro tests, such as the ames test, have long been incorporated into predictive 
toxicology, there are still large knowledge gaps that must be filled before in vitro tests can begin 
to replace in vivo tests in most applications. as those knowledge gaps are filled, however, it is 
likely that there will be specific applications in which in vitro tests can form part of an integrated 
assessment. one such possibility would be the inclusion of high-throughput binding assays for 
an array of different endocrine receptors, in order to be able to categorize compounds’ or mixtures’ 
ability to stimulate various endocrine pathways. such studies are common in the published  
literature,57 but these methods are not yet common in regulatory use. 
In vitro methods hold great promise for more rapid screening of chemical compounds and envi-
ronmental samples, but they also present many of the same limitations as the use of Qsar models 
discussed below. Because in vitro findings are several steps removed from whole animal histopa-
thology, they are more easily discounted when they suggest a problem. indeed, many in industry 
argue that in vitro methods should not be relied upon because they are invariably more “sensitive” 
than the corresponding in vivo studies; even where this is the case, however, that property might 
well be desirable if such tests are used as a first-line screen for chemicals. more generally, whether 
in vitro methods are always more sensitive remains to be seen; there simply are not enough  
correlative data with in vivo studies to know at this point. given this, just as many in industry are 
concerned about an over-reliance on positive findings from in vitro studies, an over-reliance  
on negative results from in vitro methods, in the absence of documentation of their sensitivity, 
could also lead to erroneous decisions and inadequate public health protection.
as mechanisms of toxicity continue to be elucidated, the utility of in vitro testing may well increase, 
initially for screening of chemicals but ultimately, perhaps, for use in more definitive assessments. 
in order for this to occur, an intensive effort to determine and map out the relevant mechanisms 
for a wide variety of types of toxicity is necessary. in addition, regulatory toxicology agencies 
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and laboratories will need to run selected in vitro assays in parallel with traditional in vivo toxicological 
tests on a range of chemicals so that databases that correlate in vitro findings with relevant adverse 
health outcomes can be populated. initial attempts to incorporate in vitro assays into larger, in-
tegrated assessments should focus on limited applications with the greatest knowledge base, 
such as endocrine or metabolic disruptors. confidence gained in these limited applications may 
foster increased investment and confidence in broader development and use of in vitro assays. 
as with all of the methods discussed in this module, such confidence will also be dependent  
on transparency of methods, materials, and interpretation.
Quanttatve structure-actvty Relatonshps (QsaRs): While development and use of Qsars 
holds considerable promise to reduce testing needs, at present there are significant limitations 
to their use. reliable models are available for only a subset of relevant endpoints, and are in par-
ticular lacking for most human health-related endpoints, especially chronic ones.58  the question 
of validation continues to be a contentious one, with no clear agreement on what constitutes 
sufficient validation. public or even government access to underlying algorithms and training 
datasets has yet to be assured for many Qsars, due to the proprietary nature of many models 
— this despite the fact that such access is key to providing needed transparency and account-
ability in the application of Qsar approaches, especially in regulatory contexts. 
existing Qsars have limited “domains” of applicability, dictated by the nature of the chemicals 
in the “training sets” used to develop them. many common types of chemicals often fall outside 
such domains, meaning they simply cannot be assessed by the models. finally, the accuracy and 
reliability of Qsar-derived estimates vary from one Qsar and endpoint to another, and the  
estimates they generate often vary considerably from available experimental values.59
having a full understanding of both the proper application and the limitations of Qsars is essential 
to ensuring their appropriate use. to that end, both oecd and usepa have developed detailed 
guidance on the use of Qsars in various settings and applications.60  oecd has recently focused 
appropriate attention on the need for validation of Qsars.61  two case studies developed by the 
oecd ad hoc expert group on Qsars are useful to consider in this context.62
the first case study, from the usepa, described its use of Qsars in reviewing new chemicals.  
as noted earlier, because tsca does not require manufacturers of new chemicals subject to 
premanufacture notification under tsca to submit a minimum data set, epa relies heavily on 
such models to evaluate these chemicals. in its case study, epa argued that whether a Qsar is 
“valid” depends in part on how and for what purpose it is used; e.g., used as a means to rapidly 
screen and prioritize many chemicals to identify those in most need of further scrutiny, a higher 
degree of uncertainty may be accepted than, say, for risk assessment purposes. Where the statutory 
constraints epa faces do not exist, however, the larger question remains:  whether and when Qsar-
generated estimates can reliably replace experimental data and hence serve as a scientifically 
sound alternative to testing. Qsar estimates generated by or submitted to regulatory agencies 
for use in such a context-specific manner cannot be assumed to be “valid” universally, and hence 
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should not simply be adopted for use by other countries that do not face the same constraints 
and may need or wish to develop a more certain basis for regulating chemicals.
an eu country participant contrasted the epa’s use of Qsars versus that to be allowed under 
reach: in the former case, the government develops, applies and interprets Qsar results; under 
reach, industry would utilize Qsars, and governments would have to be in a position to be 
able to judge the validity of the results. this difference, it was argued, suggests a greater need 
for rigorously validating Qsars in advance, at least for this type of use.
the second case study, provided by denmark, compared experimental data and Qsar estimates 
for specific. only five endpoints were able to be compared:  biodegradability; acute toxicity to 
fish, aquatic invertebrates and algae; and mutagenicity. these are the endpoints for which the 
“best” Qsars exist – those that are based on large training sets of experimental data and have 
been considered to provide the most reliable estimates. the results are summarized below:
• the Qsar models were able to identify 80-90% of the chemicals that actually tested as 
readily biodegradable, but (depending on the specific model) only 46-80% of the chemicals 
that actually tested as not biodegradable. 
• the fraction of chemicals for which the Qsar predictions for acute toxicity “agreed” (defined 
as being within an order of magnitude of the test result) with the experimental data were:  
4/5 of the chemicals for fish; 3/4 for invertebrates (specifically, crustaceans); and 2/3 for algae.
• the Qsar models were able to identify 95% of the chemicals that actually tested as negative 
for mutagenicity, but (depending on the specific model) only 60-80% of the chemicals that 
actually tested as mutagenic. (however, the comparison included so few substances that 
tested positive that the latter conclusion must be viewed as tentative.)
 
as with studies describing scientific validation efforts for specific Qsar models, these results 
suggest both the utility of certain Qsars but also some important limitations to their accuracy 
and reliability. as with the other methods discussed in this module, appropriate use of Qsars 
can play an important role in supplementing and extending the base of information available 
for use in chemical assessment — as long as their shortcomings are kept in mind and clearly 
communicated. While relying solely on Qsar-derived information will be sufficient only in rela-
tively rare cases, such information considered as part of an integrated approach may well be 
able to help compensate for weaknesses or resolve conflicting results found in data derived 
from other methods, thereby strengthening the overall assessment.
Read-across methods (usng chemcal categores and analog chemcals): Both the oecd 
and u.s. epa have developed relatively extensive guidance on the scientifically appropriate use 
of read across approaches in chemical categories, including: category definition and justification, 
the process to be followed for verifying the soundness of the category once data have been 
developed; and the specific methods to be used to assign specific hazard values to individual 
members of a category that have not been directly tested. this guidance also addresses read 
across from analog chemicals.63 
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even with clear guidance in place, careful expert review of assessments employing such methods 
is essential, as demonstrated by experience with chemical categories under the u.s. hpv challenge 
program, in which about 80% of all sponsored chemicals are being assessed as members of categories 
rather than individually. in comments filed on the initial industry submissions for these categories, 
u.s. epa and public comments identified concerns or deficiencies in the category justifications 
in nearly half of the cases. for example, some categories were found to be overly broad or  
ill-defined, or an entire category or the inclusion of specific chemicals was found not to be  
supported by available data.64
presentation of the results of applying category-based approaches must be transparent. assuming 
that a category is still found to be justified once all data development has been completed and 
evaluated, the final dataset needs not only to provide all required data elements for each category 
member, but also to clearly indicate those values that are extrapolated rather than experimentally 
measured, together with clear explanations as to how each value has been derived.
Weght of Evdence (WOE) approaches:  the largest concerns about the application of Woe 
are the absence of a rigorous definition of what constitutes Woe, or clear guidance and standards 
for the use of Woe and associated documentation and communication needs. a recent paper65 
provides empirical evidence for such concerns. an extensive survey of the published risk assessment 
literature found enormous variation in “uses” of Woe:
1) metaphorical, where Woe refers to a collection of studies or to an unspecified method-
ological approach; 
2) methodological, where Woe points to established interpretative methodologies (e.g.,  
systematic narrative review, meta-analysis, causal criteria, and/or quality criteria for toxi-
cological studies) or where Woe means that “all” rather than some subset of the evidence 
is examined, or rarely, where Woe points to methods using quantitative weights for  
evidence; and 
3) theoretical, where Woe serves as a label for a conceptual framework. 
clearly, if Woe approaches are to meet even basic tests for transparency, objectivity and account-
ability, a first priority must be addressing this lack of consistency — the multiplicity of definitions 
and uses; the multiplicity of weighting schemes and criteria for applying them; and a lack of clarity 
in defining the role of judgment in applying Woe approaches. at a minimum, full descriptions 
of any application of a Woe approach must be provided as to what information was actually 
considered, how it was weighed and why the conclusion is warranted. ultimately, as the paper’s 
author notes, the goal is “to work toward a consensus on the meaning and methods of weight 
of evidence, such that a recognizable standard can be created and accepted.”
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in 1998, the california department of health services received a physician’s report describing the 
case of an automobile repair technician who had developed peripheral neuropathy (impairment 
of nerve function). the illness had been caused by the technician’s exposure to n-hexane, an 
ingredient used in brake cleaners. after this initial report, other automotive technicians were found 
to be suffering from similar problems. n-hexane has been recognized as a neurotoxicant since 
1964.1 despite this fact, manufacturers began using hexane as a preferred alternative in brake 
cleaners after california adopted a regulation in 1990 discouraging the use of chlorinated solvents. 
additional regulatory changes in 1997 led to the sale of hexane-acetone blends, a combination 
with even more potent neurotoxic effects.2 thus, a regulatory effort to address one set of chemical 
hazards led inadvertently to the creation of a new occupational health problem.3
in 2005, a 36-year-old man was awarded a $2.7-million settlement for irreversible lung damage 
he had suffered over the course of two years working at a company producing microwaveable 
popcorn.4 dozens of former workers at popcorn plants have filed similar suits. the workers suffer 
from bronchiolitis obliterans, a devastating and irreversible disease caused by exposure to diacetyl, 
an ingredient in artificial butter flavoring. the defendant is international flavors and flavorings 
inc., which sold the flavoring to the companies where these workers were employed. in the law-
suits, workers argued that international flavors and fragrances inc. failed to provide appropriate 
warnings to the companies purchasing and using butter flavoring, even though it possessed 
significant information about the hazards of breathing diacetyl. international flavors and flavorings 
inc. adopted measures to protect its own workers, but did not pass these guidelines on to 
downstream users of the product.5 
in 2007, rc2 corporation, producer of a popular line of toys, thomas the tank engine, recalled 
more than 1.5 million toys after learning that they were decorated with paint containing lead. 
the u.s. consumer product safety commission warned parents to take the toys away from their 
children immediately.6
m o d u l e  2
sharing Knowledge about chemicals: policy 
options for facilitating information flow 
how does nformaton about chemcals flow among government, firms, 
workers, and the publc? how can polcy-makers ensure that nformaton 
reaches those who need t, when they need t?
n  rachel Massey
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the circumstances leading to each of these events were different, but all of these cases illustrate 
the importance of information for responsible decision-making about chemicals. in all of the cases, 
the health effects of the chemical in question were known, but that information was not available 
to, or used by, the right people at the right time to protect human health. 
to avoid public health tragedies caused by chemical exposures, it is not sufficient to gather  
information about chemicals. that information must flow through the economy to all actors 
who make decisions about chemicals. those actors include chemical manufacturers or suppliers; 
downstream users of chemicals; purchasers, retailers, and professional users of products con-
taining chemicals; and individual users of consumer products. they also include policy makers, 
workers, and members of the public. the information that is necessary for decision-making to 
protect human health and the environment may include, depending on the situation, information 
about hazard, exposure, uses, and availability of alternatives. 
this module builds on the groundwork laid by richard denison’s discussion of options for generating 
information about chemicals (see module 1). here, we consider the next step: once information 
exists, how does that information flow among government, firms, workers, and the general public? 
We examine existing initiatives and offer suggestions about how policy-makers can take action 
to improve information flow. 
table 1, following, summarizes the major existing policies that are discussed in this module,  
indicating the type of information dealt with by each and who produces and receives the  
information in each case.
table 2 summarizes the range of actions that states can take to improve the status quo, whether 
by requiring information disclosure, facilitating communication, or managing data effectively. 
these options are discussed in detail in the modules that follow.
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taBle 1  Exstng Polces for Ensurng or Facltatng Informaton Flow
Polcy Opton
Informaton 
flows from Informaton flows to Type of nformaton mandatory/voluntary
REaCh– 
regstraton 
requrement
firms
government, other firms, and public 
(except as limited by confidential 
business information [cBi])
• inherent properties
• how chemical is used
• risk management 
guidelines
mandatory
TsCa–new 
chemcals firms government • inherent properties mandatory
hPV Challenge 
program firms government, other firms, and public • inherent properties voluntary
massachusetts 
Toxcs use 
Reducton act
firms government, other firms, and  public (except as limited by cBi)
• What chemicals are used
• Quantities used
• Quantities released
mandatory
government firms
• safer alternatives
• techniques for reducing 
toxics
mandatory (via tur 
planners); voluntary (via 
technical assistance)
new Jersey Worker  
&  Communty  
Rght- to-Know act
firms government, other firms, workers and public (except as limited by cBi)
• What chemicals are 
used/stored
• Quantities used/ stored
mandatory
Calforna 
Proposton 65 firms
government, other firms,  
workers and public
• ingredients/ health 
effects mandatory
• require firms to submit information on chemical hazards (including information that firms are required to submit  
to government authorities outside the us).
• require warnings or labels identifying chronic health hazards from chemicals in products or work places. 
• require firms to provide information on chemical use:
– following the model of the registration requirements under reach, or
– following the toxics use reporting model under tura.
• adopt best practices for management of confidential business information.
• restrict the use of priority toxic substances in products or require disclosure of priority toxic substances, creating incentives 
for manufacturers to obtain information from suppliers (model: rohs).
• require or encourage firms to submit alternatives assessments or substitution analyses for priority toxic substances.
• strengthen msds requirements for public-sector work sites. 
• require firms to disclose chemical ingredients of products via labeling or registry requirements.
– create a registry of chemical ingredients of products (mandatory or voluntary)
 ° open to the public, or 
 ° managed by government, including confidential information.
• develop infrastructure for managing chemical information collected by other governments (for example, information  
submitted under reach).
• convene consortia for voluntary information sharing within supply chains.
• promote use of the chemical management services model.
taBle 2  What states Can Do: Optons for Improvng Chemcal Informaton Flow
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in an ideal world, industries would produce, use, and sell chemicals that are as safe as possible 
for human health and the environment. Buyers of a product would be able to distinguish between  
a dangerous product and a safer one. product manufacturers would choose the safest possible 
components; and component producers would distinguish among more or less dangerous 
chemicals to use in creating those components. But barriers to information flow through the 
supply chain make it difficult to make choices of this kind. in many instances, it is difficult  
or impossible to identify the safer product, component, or ingredient. 
communication deficits affect actors at every level of the supply chain. chemical manufacturers 
frequently lack information about how their products will be used.7 meanwhile, downstream users 
of chemicals may wish to purchase and use safer chemicals but lack the information that would 
allow them to select those chemicals. a 2002 study commissioned by the european chemicals 
industry association, cefic, found serious gaps in information flow up and down the supply 
chain, as well as horizontally among firms manufacturing the same products.8 
professional users and individual consumers of products containing chemicals also are ill informed. 
labeling requirements exist for some products, but they do not necessarily provide sufficient 
information to allow users to protect their own or their customers’ health.9 
under the current regulatory system in the u.s., there are multiple disincentives for sharing  
information about chemicals.10 they include:
• competition among manufacturers: chemical manufacturers that actively seek information 
on how their chemical is handled and used could potentially lose business to manufacturers 
who ask fewer questions. 
• confidential business information: Both chemical manufacturers and downstream users 
may wish to protect information on production processes and on sales. 
• liability: companies may withhold hazard information, or avoid gathering hazard infor-
mation in the first place, in an effort to avoid responsibility for health or environmental 
problems caused by their products. 
• supply chain dynamics: “many chemicals are sold and bought through intermediate dis-
tributors or brokers who as a rule have even less incentive to share information upstream 
or downstream.” 11 
in some instances, both mandatory and voluntary program options exist to achieve a given policy 
goal. it is worth noting that mandatory and voluntary approaches can complement one another. 
O b s T a C L E s  T O  I n F O R m a T I O n  s h a R I n g
m a n D a T O R Y  V s .  V O L u n T a R Y  P R O g R a m s
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mandatory requirements can serve as important motivators for participation in voluntary programs. 
for example, the industry consortia described in the case studies in this module were voluntary, 
but industry participation was motivated in part by european requirements to eliminate certain 
toxic substances from electrical and electronic equipment. a voluntary program can also be 
designed in conjunction with a backstop mandatory program that is triggered if the voluntary 
program does not achieve the desired results. for example, a voluntary data collection program 
could be paired with a backstop mandatory data collection program. 
voluntary programs can also serve as preparation for the introduction of mandatory measures. 
voluntary participation in an initiative to increase information sharing can serve as a test case, 
demonstrating the viability of a given approach or providing an opportunity to work out imple-
mentation details. for example, the european chemical industry association, cefic, voluntarily 
carried out a series of trials to determine whether the reach requirements were feasible, and 
insights from these exercises helped to inform the final legislation. 
information sharing requirements may deal with information about the inherent properties of a 
chemical; about how a chemical is used; or about the ingredients or contents of a mixture or product.
Information About Inherent Properties
firms are required to provide some information about inherent properties of chemicals to the 
u.s. government under the new substances provisions of the toxic substances control act (tsca). 
limitations of these provisions are discussed in the module on information generation.
the primary vehicle for communication among firms about the inherent properties of a chemical 
is the material safety data sheet (msds). the msds provides basic physical data on a chemical, 
such as melting point, boiling point, and flash point, as well as information on health effects, 
storage guidelines, the need for protective equipment, procedures for handling spills, and other 
information. under osha regulations, the original manufacturer or importer of any hazardous 
chemical must create an msds for that chemical, and must provide the msds to any commercial 
customer or distributor, who in turn must pass on the msds to any other firm to which it sells 
the chemical.12
Weaknesses of the msds system include the fact that msdss are frequently incomplete or inac-
curate, they may lack important information about guidelines for controlling exposure, they are 
not always provided to the workers who may be exposed to the chemical in question, and they 
are created by the manufacturer and may not be subject to significant scrutiny by a government 
authority. msdss may be inconsistent; multiple firms selling the same chemical may provide 
different information in their msdss. 
T Y P E s  O F  I n F O R m a T I O n  s h a R I n g :         
I n h E R E n T  P R O P E R T I E s ,  u s E ,  a n D  I n g R E D I E n T s
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federal osha regulations apply only to the private sector. individual states establish occupational 
safety and health rules for public sector employees under their jurisdiction, and may be authorized 
to promulgate regulations more protective than federal osha standards. this authority creates 
an opportunity for action at the state level to increase the availability of information about 
chemicals. specifically, states can require information on an msds for public-sector work sites 
that goes beyond the federal requirements for private-sector work sites. 
for example, pennsylvania has adopted requirements for msdss for public-sector work sites 
that are more extensive than the corresponding osha requirements. osha regulations require 
that msdss include information about hazardous ingredients that constitute 1% or more of a 
mixture; for carcinogens, the threshold is 0.1%.13  going beyond these requirements, pennsylvania 
requires that msdss for public sector work sites list all chemicals that comprise 3% or more of a 
mixture. chemicals included on the state’s list of “hazardous substances” must be listed if they 
comprise 1% or more of the mixture; and “special hazardous substances” must be listed if they 
comprise 0.01% or more of the mixture.14  thus, msdss for products used at public-sector work 
sites in pennsylvania contain more information than msdss that only meet the federal osha 
standards. By adopting similar requirements, other states could help to make this protocol  
a reality for a wider range of products.
the information in an msds is targeted primarily at workers. however, msdss are also used by 
other constituencies. Businesses may use the msds to research substitute products that may be 
better for the environment or public health in addition to being safer for employee health. many 
msdss are internet available and consumers may look to the msds to provide product infor-
mation beyond what is provided on the label. 
thus, any effort to make the information in msdss more complete or extensive will benefit  
more than workers. the national institutes of health/national library of medicine has developed 
and maintains a household products database. this database uses the information in msdss, 
along with product labels and other publicly available information, to “allow scientists and con-
sumers to research products based on chemical ingredients.”  it is searchable by product category, 
by ingredient, or by health effects. it can be used to determine the chemical ingredients in specific 
product brands; to identify products that contain a specific chemical; to identify the manufacturer 
of a specific product brand; to identify the acute and chronic effects of chemical ingredients in  
a specific brand; and to answer other, similar questions about chemicals in products.15 
the globally harmonized system for classification and labeling of chemicals (ghs) is an united 
nations effort to improve information sharing by harmonizing requirements for safety data sheets 
across countries. the ghs specifies criteria for “classifying substances and mixtures according to 
their health, environmental, and physical hazards,” as well as “harmonized hazard communication 
elements, including requirements for labeling and safety data sheets.”16 By standardizing infor-
mation requirements, the ghs system has the potential to improve significantly on the existing 
msds system in the u.s. the ghs system also offers the advantage that it synthesizes information 
about a chemical, classifying chemicals according to the type and level of hazard they present.
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the ghs could also create new opportunities for state governments.17 the ghs will primarily affect 
the criteria that industry will use to classify, develop msdss for, and label chemicals or products. 
however, governments could choose to use the ghs criteria to analyze hazard data themselves 
as well, and could communicate the results through their databases. for example, a government 
agency could examine the data produced by the hpv challenge program (described below) on 
reproductive toxicity and determine which hpv chemicals meet the criteria for being a category 
1 reproductive toxicant, and then include that classification in the hpv database. in other words, 
government could use the ghs to help interpret “raw” data. this is an activity that could be  
carried out at the federal or the state level. 
Information about Use
firms may provide information to one another, or to government and the public, on how they 
are using a chemical, including information on the industrial processes that rely on it and the 
products into which it is incorporated. this information may be important in determining the 
extent of human exposure to the chemical. firms also may provide information on what chemicals 
they use and in what quantities, without specifying what purpose the chemicals serve. 
in europe, reach requires that chemical manufacturers and importers provide information  
to government authorities on how chemicals will be used. this requires that manufacturers and 
importers gather information from downstream users of the chemicals they produce. this model 
is discussed in the case study on reach. 
in general, downstream users of chemicals in the u.s. are not required to provide use information 
to suppliers upstream, or to government, with some exceptions. firms using toxic chemicals are 
required to submit some limited information about use as part of the toxics release inventory 
(tri) under the federal emergency planning and community right-to-know act (epcra). 
in addition, some states require additional reporting on chemical uses, as discussed below in 
the sections on massachusetts and new Jersey. 
Information about Ingredients or Contents
under the current regulatory system in the u.s., labeling and ingredient disclosure requirements 
exist for some categories of products containing chemicals and are absent for others. as a result, 
both professional users and individual consumers of products containing chemicals frequently 
lack information about what those products contain, and how those ingredients may affect 
their health. 
u.s. regulations create labeling requirements for pesticides and cosmetics and some other 
products containing chemicals, as well as for drugs and food. in this section, we list key statutory 
requirements for pesticides, cosmetics, and other consumer products. food and drug labeling 
requirements are outside the scope of the present discussion.
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• under the federal insecticide fungicide and rodenticide act (fifra), epa prescribes labeling 
requirements for all pesticides. labels must specify pesticide active ingredients; so-called 
“inert” ingredients do not have to be disclosed, even if they are known to be toxic. 
• under the federal food, drug, and cosmetic (fd&c) act, ingredients must be listed on the 
label of cosmetics that are distributed for retail sale to consumers. cosmetics used by pro-
fessionals, and not sold for use at home, are exempt from this requirement. in addition to 
the ingredient declaration, “cosmetics which may be hazardous to consumers when misused 
must bear appropriate label warnings and adequate directions for safe use."18 
• under tsca, the epa has the authority to require hazard-warning labels for chemicals, but 
only when epa is able to demonstrate that the chemical in question poses an “unreason-
able risk” to human health or the environment. epa has used this authority for a handful 
of chemicals to date; they include pcBs, asbestos, hexavalent chromium, and acrylamide 
grout. products containing these chemicals must bear a label that names the chemical 
and describes its health effects and use restrictions.19 
• the consumer product safety commission (cpsc) is responsible for labeling requirements 
for certain products containing chemicals. for example, the federal hazardous substances 
act gives the cpsc jurisdiction over “potentially injurious consumer goods presenting 
hazards such as toxicity, combustion, radioactivity,” and other hazards; and the poison pre-
vention packaging act authorizes the cpsc to set labeling and packaging requirements to 
protect children from “potential serious harm.”20 however, the cpsc has used its authority 
almost exclusively to address products containing acutely toxic chemicals. there is no 
general labeling and disclosure requirement for products containing chemicals that  
pose chronic health hazards.
• osha’s hazard communication system requires chemical manufacturers and importers  
to label their products and provide material safety data sheets (msdss) to downstream 
users. osha also requires that “all employers with hazardous chemicals in their workplaces 
must have labels and msdss for their exposed workers, and train them to handle the 
chemicals appropriately.”21 
this patchwork of statutory requirements leaves open several important gaps. many consumer 
products, as well as products used professionally by small businesses, are not subject to any 
requirement to list ingredients or to provide information on health effects. a manufacturer of 
paint, glue, or brake cleaner, for example, has no obligation to list or report the ingredients of 
these products on the label (although an msds would have to be provided to firms using the 
product). similarly, a manufacturer of an electronic product containing cadmium, jewelry con-
taining lead, or a plastic toy containing a toxic plasticizer has no legal duty to disclose these  
ingredients either to firms downstream in the supply chain or to individual consumers. 
some regulations create an incentive for the buyer of a product containing a chemical to obtain 
chemical information from the manufacturer. in the european union (eu), for example, the re-
striction on hazardous substances (rohs) directive prohibits the sale of electrical or electronic 
equipment containing certain toxic chemicals. this requirement makes it necessary for manufacturers 
of electrical and electronic equipment to obtain information from their suppliers upstream about 
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the chemicals used in producing individual components of the equipment.  an advantage of 
the rohs directive is that it has motivated electronics manufacturers to greatly increase their 
communication up and down the supply chain (see the case study of the electronics industry 
later in this module). 
Demand for Information: Who Needs What?
different types of information are needed, depending on who the user is and how the information 
will be used. for example, an epidemiologist looking for links between asthma and chemicals in 
cleaning products might benefit most from a database that identifies all of the consumer products 
containing a specific chemical. meanwhile, an individual consumer who wishes to avoid cleaning 
products linked to asthma might benefit most from product labeling that identifies the health 
effects of product ingredients.
for some situations, users of chemical information primarily need interpretive information,  
answering questions such as, “is this chemical hazardous?” or “should this product be kept away 
from children?”  for other situations, information users need a deeper level of information, answering 
questions such as, “is this chemical bioaccumulative?” or “does this product contain neurotoxic 
chemicals?”  for still other uses, the underlying data are necessary to answer questions such as, 
“What is the bioaccumulation factor for this chemical?” 
ideally, information should be provided as a nested set, with broad interpretive classifications  
as the first level, and additional information, including the raw data underlying the classification, 
available in additional levels. to maintain transparency, it is essential to provide access to all levels 
of information. thus, for example, it is not sufficient to label a product as “hazardous” without 
providing information on its chemical ingredients. similarly, along with a designation such as 
“probable human carcinogen,” access to the test data underlying that designation should be 
provided as well. one good model of a database that provides information as a nested dataset 
is the system developed by the swedish pharmaceuticals industry to track the environmental 
effects of pharmaceutical chemicals.22
right-to-know legislation creates an obligation for firms or government to release certain infor-
mation to the public. such legislation can be designed in several possible ways. it can be written 
to create an affirmative obligation for firms to provide information to the public, whether in the 
form of labeling, placing information on the internet, or other methods of disseminating infor-
mation. alternatively, right-to-know legislation can simply place limits on what information 
may be withheld. 
in the u.s., right-to-know legislation has played an important role in chemicals policy both at 
the federal and at the state level. under the emergency planning and community right-to-know 
R I g h T - T O - K n O W  a n D  C O n F I D E n T I a L  b u s I n E s s  I n F O R m a T I O n 
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act (epcra), companies must release information about emissions of toxic chemicals to water, 
land, and air for inclusion in the tri. tri data are available on the internet, and make it possible 
for the public to monitor chemical releases to the environment. in addition to providing infor-
mation on chemical releases, tri includes some information on chemical uses.23 
other federal legislation containing right-to-know provisions includes the 1996 safe drinking 
Water act amendments that require water utilities to provide their customers with information 
about contaminants in their water, and amendments to the clean air act that require “facilities 
using or storing large quantities of dangerous chemicals to file risk management plans (rmps), 
which evaluate risks and establish emergency plans for accidents.”24
numerous legislative initiatives at the state level have taken the right-to-know concept further, 
creating additional disclosure requirements. california’s proposition 65 requires that a warning 
be provided whenever a workplace or product could expose people to chemicals included on 
an official list of carcinogens and reproductive toxicants. massachusetts and new Jersey require 
facilities to provide information on their use of toxic chemicals.25
right-to-know legislation can create incentives for firms to improve their environmental profile. 
the publicity surrounding tri data has created strong incentives for facilities to reduce their toxic 
emissions. public availability of information about toxics in products can help to bring market 
forces into play, allowing consumers to express preferences and creating competitive pressures 
for companies to develop safer products. public availability of information about toxics at the 
facility level also makes it possible for investors to express a preference for good environmental 
performance.
going a step further, reach for the first time creates an affirmative obligation for firms to make 
information about chemical hazards readily available to the public via the internet. over time, 
this provision could have effects as profound as those that have resulted from tri in the u.s. the 
requirement to provide hazard information to the public is likely to create incentives for com-
panies to invest in and promote chemicals that are inherently less hazardous. 
Confidential Business Information
While right-to-know legislation ensures that certain information will be available to the public, 
confidential Business information (cBi) provisions protect certain information from public release. 
provisions governing cBi can significantly affect the flow of information from firms to government, 
to other firms, and to the public. 
in designing cBi provisions, two questions must be considered: what categories of information 
are considered eligible for cBi status and what privileges are conferred by cBi status when it is 
granted. u.s. law places few restrictions on firms’ ability to claim cBi; the rules in europe and canada 
place more limits on what information may be kept secret and under what circumstances that 
secrecy applies. 
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under u.s. law, a firm may claim cBi status for information about a chemical’s “production, pro-
cessing, use, and presence in products.”  hazard information itself is generally not eligible for the 
cBi designation, but since the firm and chemical identity can be designated as confidential, this 
information is of little use to other firms or to the public. tsca prohibits epa from sharing cBi  
with anyone, including state governments.26 
in canada, firms making cBi claims for new chemicals must submit a justification, which the 
government must review and accept or deny. “cBi claims do not expire or require reassertion.”  
“cepa [the canadian epa] provides broad authority for the sharing of cBi with other govern-
ments, domestic and foreign.”27 
reach distinguishes among categories of information that must be made public, will generally 
be considered cBi, or must be made public unless the firm successfully makes the case for cBi 
protection. for new chemicals, “the chemical identity can be claimed as cBi for up to six years; 
otherwise, reach does not provide for the expiration of cBi status.”  “reach [also] provides 
broad authority to share cBi with other domestic and foreign governments.”28
the advocacy organization environmental defense has recommended best practices for cBi 
provisions, including the following: 29 
• “health and safety information should never be eligible for cBi protection.”
• firms should be required to “specify exactly what information is to be kept confidential,” 
and should have to provide a justification for the request.
• government should have to review and accept or deny the cBi request. 
• there should be a time limit on cBi claims granted. 
• government should be able to disclose cBi when it is in the public interest. if government 
rejects a confidentiality request for submitted information, it should be able to disclose 
that information to the public “after providing a reasonable opportunity for the submitter 
to rectify the request.”
•  “Workers should have access to all available information, whether or not cBi-protected …
for any substance with which they work or to which they could be exposed during work.” 
• other governments … should be given access to cBi,” and “governments should ensure they 
have access to chemical information, including cBi, that is submitted to other governments.” 
• finally, “policies should include explicit requirements that government make readily and 
publicly available as much information as possible about chemicals as well as documenta-
tion of decisions and the basis for them.”
there are limits to how much initiative can be taken at the state level with regard to cBi. if infor-
mation is protected as cBi at the federal level, state government is not in a position to obtain, or 
share, that information. one area in which state government can take the initiative is in obtaining 
and using any eligible information gathered by foreign governments. 
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states can also work to adopt best practices for management of data they collect themselves. 
for example, they can require that any application for trade secret protection be accompanied 
by a thorough justification of the request, which the state must accept or reject; and they can 
place a time limit on any trade secret protection that they do grant. 
the massachusetts toxics use reduction act may provide a partial model for management of 
confidential business information at the state level. under tura, companies may request that their 
chemical use data be kept confidential, but they must specifically apply for cBi status in each case.30 
one way to provide information to government, firms, and the public on chemical ingredients in 
products, and their health effects, is to create a product registry. Below we discuss two mandatory 
product registries — one dealing with a single chemical, the other with multiple chemicals — 
and one voluntary product registry. 
the interstate mercury education and reduction clearinghouse (imerc) is a collaborative project 
of thirteen states. it was launched in 2001 by the northeast Waste management officials’ asso-
ciation (neWmoa) to provide technical and programmatic support “to states that have enacted 
mercury education and reduction legislation;” and to serve as a “single point of contact for industry 
and the public for information on mercury-added products and member states’ mercury education 
and reduction programs.”31 
one element of imerc is a mercury-added products database. the states of connecticut, maine, 
massachusetts, new hampshire, new york, rhode island, and vermont have adopted legislation 
requiring firms selling mercury-added products to submit information to this centralized data-
base. the database provides information for “consumers, recyclers, policy makers, and others” 
about “the amount and purpose of mercury in consumer products.”  it can be used to identify 
mercury-added products; find out the amount of mercury in a specific product; identify manu-
facturers of mercury-added products; and answer other, related questions. the database is open 
to the public and is searchable by sector, product category, or manufacturer, or level of  
mercury content.32
the swedish chemicals inspectorate maintains the swedish products register, a large database  
of information on products containing chemicals. Whereas the imerc database focuses on a 
single chemical, the swedish products register contains information on many chemicals. a total 
of 2,500 companies have submitted information to the register, covering about 120,000 products, 
and identifying more than 16,000 chemicals in those products. firms are required to provide 
information to the register, and to pay a fee, if they manufacture or import more than 1 ton of 
eligible products.33 
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the registration must include a range of information, including chemical quantities, industrial 
categories, and health effects. the chemicals inspectorate uses the information to inform a wide 
range of analyses. the register is used primarily for government purposes, but other governments, 
organizations, and individuals may request information as well. Because the register includes a 
large amount of confidential information, only registry staff has access to the database, and each 
request for information is evaluated on a case-by-case basis, taking confidentiality requirements 
into account.34 
a voluntary approach to achieve a similar goal is exemplified in the “cleangredients” database, 
a resource created for the us epa design for the environment program that allows for voluntary 
listing of chemicals in institutional and industrial cleaning products.35 this approach relies on 
market drivers, creating an incentive for manufacturers to list product ingredients in order to 
gain or retain customers. 
A. Information Sharing under REACH
the new european chemicals regulation, reach, is designed to improve information flow in 
multiple dimensions. it mandates information sharing about both chemical hazards and chemi-
cal uses. its requirements affect communication among firms, between firms and government 
agencies, and between firms and the public. 
under reach, manufacturers and importers of chemicals will provide information on chemical 
hazards and control measures to downstream users. at the same time, downstream users will 
provide information to suppliers upstream about chemical uses and exposures. the aim is to 
create a system that fosters on-going dialogue about both hazard and exposure. 
Publc access to Chemcal Informaton under REaCh: under reach, all information submitted 
by firms will be compiled in a database managed by the central european chemicals agency. 
some of this information will be freely available to the public. other information will be accessible 
to the public in response to specific requests. finally, some information will be considered con-
fidential business information and will not be publicly available.36 
specifically, the following information will be publicly available on the internet: name, classification 
and labeling, physicochemical data including information on pathways and environmental fate; 
results of each toxicological and ecotoxicological study; any derived no-effect level or predicted 
no-effect concentration; guidance on safe use; and, for some chemicals, analytical methods for 
detecting direct human exposures or discharge of the chemical to the environment. in addition, 
the following information also will be publicly available, except when the firm submitting the 
information successfully makes the case for keeping it confidential: information (where relevant) 
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on impurities or additives; total tonnage band within which a substance has been registered; 
summaries of the studies whose results are noted in the set of information listed above; other 
information contained in the safety data sheet; trade name(s); and other items.37 
this affirmative duty of public disclosure of information, with its emphasis on maximizing the 
amount of information freely available on the internet, is potentially one of the most important 
aspects of reach. access to information means that many other actors, outside government 
and outside an individual supply chain, also can use this information to make sound decisions 
about chemical use and exposure. 
Chemcal safety Reports: under reach, a firm that manufactures or imports a chemical above 
10 tons per year must submit a “chemical safety report” (csr) to the central european chemicals 
agency. the csr is a tool for providing information about a chemical both to government agencies 
and to downstream users. it includes “the hazard and risk assessment of the substance for spec-
ified (‘identified’) uses and how the risks posed by the chemical can be ‘adequately controlled’ 
for these uses. one of the outputs of the assessment is either an ‘exposure scenario’ or a ‘use and 
exposure category.’  this is a summary of the use(s) and appropriate risk management measures 
which is communicated to downstream users as an annex to the (material) safety data sheet 
(sds).”38  an advantage to the csr requirement is that it places responsibility on the chemical 
manufacturer or importer for defining safe use conditions. 
Data sharng among Regstrants: reach contains an innovative provision that requires com-
panies to share hazard data with one another when animal testing is involved. reach aims to 
minimize animal testing, even while promoting the collection of information on health effects of 
chemicals. thus, in any case in which reach requires a company to conduct testing on vertebrate 
animals, the legislation also requires the company to share the resulting data. in this way, the 
regulation avoids any unnecessary duplication of animal testing. 
under reach, when a company is required to share data with others, it also receives monetary 
compensation for doing so. this provision helps to create a system in which information about 
chemicals has economic value. placing a monetary value on information helps to create an incentive 
in favor of information generation and sharing. u.s. pesticide law also includes a data compen-
sation requirement, which offers similar advantages. 
advantages to the data sharing requirements under reach include the following: 
• data has a monetary value, increasing the incentive to collect data. 
• reach promotes sharing of data across companies, avoiding situations in which one 
company has full information about a chemical’s hazards, while another firm lacks this 
information. 
• reach uses information sharing provisions to avoid unnecessary animal testing. in addition 
to sparing animals from suffering, this means that monetary resources are not wasted on 
redundant tests. 
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substtuton analyss: under the authorization provision, for substances of very high concern 
(svhc), firms applying for authorization must investigate the availability of alternatives to the 
chemical in question, and must develop a substitution plan and time line if a viable alternative 
exists. By requiring companies to produce substitution plans, this provision has the potential to 
facilitate the transfer of important information from firms to government, not only about chem-
ical hazards, but also about possible safer substitutes. 
B. Chemicals Policies in Massachusetts and New Jersey
the massachusetts toxics use reduction act (tura) is an example of legislation that requires 
companies to provide certain information to the state and to the public about their use of chemicals. 
under tura, any company that uses toxic chemicals above a specified threshold (25,000 lbs/yr, 
10,000 lbs/yr, or 1,000 lbs/yr, depending on the chemical and how it is being used), and that has 
10 or more employees, must report to the state annually on the amount of each toxic chemical 
used. in addition, firms must prepare biannual toxics use reduction plans, specifying the oppor-
tunities that exist for reducing use of toxic chemicals in the facility. 
some of the information generated under tura becomes available only to the state, while other 
information is available to the public. specifically, the company’s toxics use reduction plan is held 
on file at the company and can be examined by state officials in spot checks. data on the amount 
of toxics used by a company, broken out by category (use, byproduct, shipped in product, and 
on-site release) is freely available to the public on the internet. 
finally, tura creates an opportunity for information flow from the state to companies. the state 
trains and certifies toxics use reduction planners. these planners in turn work with the companies, 
bringing them state-of-the-art new information on options and techniques for reducing toxics. 
firms are required to have their toxics use reduction plans certified by toxics use reduction plan-
ners, so contact between firms and these trained planners is mandatory. in addition, firms have 
the option to request confidential on-site assistance from the program’s office of technical  
assistance; thus, there is an additional voluntary component of information transfer from  
government to firms. 
for some industries, tura also increases communication in the supply chain. companies that 
purchase products or mixtures containing toxic chemicals from other companies have to com-
municate with their suppliers in order to fulfill their own reporting and planning obligations. 
the information sharing requirement under tura differs from reporting requirements in most 
of the u.s. because it considers all uses of a chemical, including chemicals that are incorporated 
into a product, rather than just considering emissions. the requirement to report on all uses of 
listed toxic chemicals makes it possible for the state to track progress over time in reducing the 
use of targeted chemicals. it also facilitates internal planning and monitoring within companies. 
finally, this requirement also makes it possible for citizens to monitor and assess progress in 
reducing toxics over time. 
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the new Jersey Worker and community right-to-Know act provides for an annual inventory of 
toxic chemicals produced, used, or stored at new Jersey businesses and agencies. an annual survey 
of public and private employees generates this information, which is “available to the public and 
to emergency responders such as police and fire departments.”  the information is also “used to 
supplement other regulatory programs within the state and to facilitate” emergency planning.39
new Jersey also has a mandatory planning requirement. similar to tura, the new Jersey pollution 
prevention act requires companies to develop pollution prevention plans, without requiring the 
facilities to implement these plans. plans must be updated every five years.40 
in this section, we look at non-regulatory options for improving information sharing about 
chemicals. they include facilitating the formation of voluntary industry consortia, encouraging 
industry to collaborate in creating databases of chemical information, and promoting the model 
of chemical management services. 
A. Industry Consortia: Case Studies
information sharing can be enhanced through programs that bring together representatives of 
firms that might not ordinarily share information with one another. a consortium can facilitate 
horizontal information transfer, bringing together multiple firms that perform the same function. 
for example, under reach, multiple suppliers of one chemical are encouraged to form consortia 
to collaborate in submitting information about the chemical to the european chemicals agency. 
in the u.s., chemical manufacturers have formed consortia to produce data for the hpv challenge 
program (described in section B, below). 
in industry consortia, companies at different points in the supply chain can work together to 
improve the environmental and health profile of a product. in a consortium, information about 
chemical uses and alternatives flows up and down the supply chain, facilitating innovation. actors 
outside the industry can serve as network conveners, helping such a consortium to form and 
providing support for its work. 
Informaton sharng and Collaboraton n the Electroncs supply Chan:41 the eu’s rohs 
directive restricts the use of several toxic substances, including lead and cadmium, in electrical 
and electronic equipment sold in the eu. the adoption of this legislation created new challenges 
for the electronics industry, and provided an incentive for firms to begin communicating with one 
another about the chemicals used in their products and components. it also created an incentive 
for companies to start thinking creatively about how to develop, test, and introduce products 
and components made with safer materials. 
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Identfyng Consttuents: the adoption of rohs made it necessary for u.s. manufacturers of 
electrical and electronic equipment to find out what chemicals were present in their products. 
this need required communicating with suppliers upstream. many manufacturers developed 
questionnaires asking suppliers for information on chemicals contained in the components 
they produced. in the early stages of the process, each questionnaire had its own format, so 
“suppliers spent significant time and resources to complete them.”
responding to the lack of standardization, representatives of a number of electronics industry 
associations worked together to develop the Joint industry guide for material composition 
declaration for electronics products (Jig). this document establishes “a standardized list of materials 
suppliers must disclose when present in products and components provided to electrical and 
electronic equipment manufacturers.” 
the creation of the Jig has streamlined communication down the supply chain about chemical 
constituents in electrical and electronic components. the materials declaration process, previously  
a disorganized ad hoc process, has now become a recognized component of communications 
between supplier and purchaser. developing this system required a significant investment on 
the part of manufacturers, but has paid off as a streamlined transparent system. 
assessng Performance of alternatves: While developing a system to determine and track 
the constituent chemicals in electronic equipment and components, the electronics industry also 
worked on developing viable alternatives to equipment containing toxic substances targeted by 
the rohs directive. representatives of the industry undertook a number of collaborative efforts 
to bring together personnel from each link in the electronics supply chain, and collectively to 
develop and test the performance of electronics made with alternative materials. 
the electronics supply chain includes material suppliers (producing solder paste, ceramics for 
components, and board materials); component suppliers (producing chips, capacitors, and other 
components); board manufacturers; board assemblers; and original equipment manufacturers 
(oems). other important entities that interact with the supply chain and have participated in 
consortium activities include university researchers, regulators, and certifying agencies. 
several industry consortia were formed at the national level. they work to generate, collect,  
organize, and disseminate information on options for producing electronic products without 
restricted chemicals. in some consortia, companies have worked together intensively to test 
alternative products. 
these national consortia are geared primarily toward participation by large electronics manu-
facturers and the results of their research are available only to members. in massachusetts, and 
later in the new england region as a whole, the state’s toxics use reduction institute facilitated 
information sharing for local companies and northeastern facilities of the larger national companies. 
this effort is now known as the new england lead free electronics consortium. the consortium 
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provides a forum in which companies throughout the supply chain can work together to develop 
lead-free electronic products and collaborate in testing their efficacy and reliability. consortium 
members made a commitment from the outset to make all of their research results publicly avail-
able. the consortium includes representatives from each link in the supply chain for production 
of printed wiring boards. its members work together with the goal of achieving a level of reliability 
with lead-free solder joints comparable to that of solder joints containing lead.
Wre and Cable supply Chan:42 in related activities, the massachusetts toxics use reduction 
institute also has helped to convene a consortium of firms involved in the coated wire and cable 
supply chain. pvc (polyvinyl chloride) plastic used to coat wire and cable is often stabilized with 
lead or cadmium. it also may contain toxic plasticizers and flame retardants. the institute has 
worked with massachusetts producers to create opportunities for information sharing with the 
goal of developing safer wire and cable coatings that do not contain these toxic chemicals. like 
the activities of the electronics industry, the activities were motivated in part by the need for 
u.s. companies to achieve compliance with rohs. 
the coated wire and cable supply chain is composed of four principal links: resin manufacture, 
additive manufacture, compounding, and extruding.43  resin manufacturers and additive manu-
facturers produce the materials from which wire and cable coatings will be made. compounders 
purchase resins and additives and combine them in custom formulations. finally, extruders  
coat metal wires with the custom formulations of resins, producing finished wire and cable. 
the competitive pressures affecting the coated wire and cable industry differ from those affecting 
the electronics industry. for manufacturers of electrical and electronic equipment, sharing infor-
mation on the material content of their components is not a significant competitive concern; 
competition occurs primarily on other design aspects. in contrast, the specific formulation of the 
plastic used in wire and cable coatings is important information from the perspective of com-
petition, so firms may be more reluctant to share this information. While the new england lead- 
free electronics project worked to build and test prototype lead-free models, the aim of the coated 
wire and cable consortium was simply to facilitate initial information sharing among firms about 
additives that were materials of concern. the consortium also provided a forum for shared 
learning about and initial investigation of safer alternatives. 
one important difference between the experience of the electronics sector and that of wire and 
cable producers is that only a subset of wire and cable producers were affected by rohs, so many 
of them had no incentive for information sharing. furthermore, wire and cable producers are so 
far up the supply chain that many of them were unaware of the changes occurring due to rohs. 
the institute was motivated to start the consortium for the coated wire and cable sector in part 
as a service to companies that were not receiving information through another route; the con-
sortium provided a means to educate them about policy changes that would affect at least 
some of them directly over time. 
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one complicating factor was the concern among formulators that communicating with one 
another about the ingredients of their products could be viewed as collusion. this concern points 
to an important role that policy-makers can play in fostering and encouraging this kind of com-
munication. a policy approach can be designed to create space for firms to communicate with 
one another without concerns about the appearance of collusion. 
due to the differences in incentive structures, the coated wire and cable industry consortium has 
not reproduced the extensive collaboration that has developed in the electronics manufacturing 
sector. it has, however, created an environment in which companies have begun to share infor-
mation about product formulations. this experience indicates that consortium activities can be 
helpful in addressing toxics problems, even in industries where there are strong pressures against 
information sharing. at the same time, the combined experience of the electronics and the coated 
wire and cable industry consortia indicates that regulatory drivers are very important in motivating 
information sharing; in their absence, little information sharing is likely to occur. furthermore,  
in cases in which materials are a key metric for competition, the barriers to communication  
may be significant.
Opportuntes for Polcy-makers: the experiences discussed here point to the importance of 
designing institutions that can facilitate voluntary information exchange in a way that is consistent 
with the needs of an individual industry sector. the electronics sector has been very successful 
in achieving a high level of collaboration. other sectors may experience different types of com-
petitive pressures that will make this kind of collaboration more difficult, but may nonetheless 
benefit significantly from strategic initiatives to convene representatives from every link in the 
supply chain to discuss uses of and alternatives to toxic chemicals. 
B. Databases: HPV Challenge Program
information sharing can be promoted through creation of databases to which companies add 
voluntarily. the high production volume (hpv) challenge program is an example of such an effort.44 
under the program epa has asked companies to work to fill in basic health and environmental 
information about hpv chemicals in a database designed and managed by epa. as this informa-
tion is filled in, it will be available to any company working with these chemicals, as well as to 
the epa and others. the program represents an important step toward filling data gaps about 
chemicals that are used in large quantities and making basic hazard information on those chemicals 
available to government authorities, businesses, and the public. however, the program has many 
weaknesses (described by denison, module 1). 
the program has not yet reached the targets established by epa in consultation with industry. 
all data were supposed to have been submitted by the end of 2005. as of march 2007, of the 
2,359 chemicals identified as needing data development, only 39% had final submissions. 
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in addition to the difficulties meeting agreed upon deadlines, another complication is that the 
program works from a static list of high production volume chemicals. since the program began, 
the production of hundreds of additional chemicals has increased in volume to the point that 
they qualify as hpv chemicals. for more than half of these chemicals, no screening-level hazard 
data are publicly available; and a “complete screening-level hazard data set” is publicly available 
for only about 2% of them. companies have volunteered to gather data for fewer than half of 
these chemicals that have newly gained hpv status. a recent review of the program’s results by 
the advocacy organization environmental defense concludes that working from a static list of 
high-volume chemicals is insufficient to produce the information that is needed in order to make 
wise decisions about chemical use and production. it is important to gather data on chemicals 
currently produced at lower volumes as well, since “today’s niche chemical could become  
tomorrow’s hpv chemical.”45
another weakness of the hpv challenge program is that the data used to populate the database 
are not necessarily of high quality. reviews of the data by environmental defense and by epa 
have found that for many of the health and environmental data points initially submitted to the 
database, more testing is needed, either because the data submitted were unreliable or because 
the information was incomplete. 
the experience indicates that it can be useful for a government agency to collaborate with industry 
on creating a database of chemical information. however, it also shows that the information 
generated by such a program can be limited in scope and quality, so long as there is no regulatory 
requirement motivating firms to produce reliable and systematic data. epa will conduct a quality 
review of the final data, but if they are found to be inadequate, epa will not be able to require 
firms to provide better data. 
C. Chemical Management Services 
one innovative approach to solving supply chain communication problems, as well as other 
problems in chemicals management, is to promote the formation of chemical management 
services (cms) agreements. in a cms arrangement, a firm provides an integrated set of services 
to a customer, rather than simply selling chemicals to the customer. the firm “contracts with a 
service provider to supply and manage the customer’s chemicals and related services. under a 
cms contract, the provider’s compensation is tied primarily to quantity and quality of services 
delivered, not chemical volume.”46 in the cms model, a single company is responsible both for 
identifying and procuring a chemical, and for ensuring that risk is minimized. in this system, a 
buyer of chemical management services can specify low risk as one of its key parameters. the 
cms model removes the incentive for the manufacturer or producer to sell as much as possible 
of a given chemical regardless of how dangerous it is. it also removes the incentive for a manu-
facturer or producer to promote a single product for fear of losing market share. a company that 
positions itself as a provider of chemical services could switch from one chemical to another 
without losing market share.
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one example of successful implementation of the cms model is available from raytheon com-
pany. in 1999, raytheon entered into a cms agreement with haas tcm. “the contract covered 
chemical management for all chemicals and gases, including procurement, inventory, delivery, 
disposal, and data management. additionally, the contract included incentives for ‘shared savings,’ 
due to reduced chemical use and purchase costs and improved process efficiency. now in its 
seventh year of operations, raytheon’s chemical management services program has resulted in 
elevated performance and savings for the company by reducing chemical usage and streamlining 
chemical management throughout the chemical lifecycle.”47 
summary: Optons for Polcy-makers: the policy approaches we have described above provide 
options for achieving several specific goals for information flow. We review these goals below, 
along with the options for achieving them, and the pros and cons of different means for doing 
so. important criteria for judging the value of these options include cost effectiveness; speed of 
implementation; whether responsibility falls on firms or on the public; demands on government; 
transparency; and over-all effectiveness in achieving information flow goals. 
goal: Frms provde nformaton on chemcal propertes: to the extent that firms are able to 
produce information about the inherent properties of the chemicals they produce, government 
agencies do not have to undertake this task themselves. 
under the new european chemicals legislation, reach, manufacturers and suppliers of chemicals 
must register all chemicals, providing a defined set of information on their health and environ-
mental effects. With reach as a model and a resource, policy-makers in the u.s. could take 
steps to introduce a similar requirement at either the federal or the state level. 
requiring firms to submit chemical information to government offers a number of advantages. 
in particular, by placing the responsibility on chemical suppliers, it avoids placing a large burden 
on government agencies and increases speed of implementation. it also promotes transparency 
by ensuring that whatever information is available to a firm, is also available to government, 
other firms, and (except where limited by cBi provisions) to the public. 
a possible disadvantage is that there may be less transparency regarding specific data points.  
it may be easier for government to guarantee the quality of data collected within government 
laboratories themselves. this drawback can be addressed to a significant extent through spot 
checks of data submissions. 
the hpv challenge program is an example of a voluntary approach to achieve the same goal. 
an advantage to a voluntary approach is that it can be undertaken more rapidly, without an 
extended period of negotiation. the experience of this program to date suggests that it would 
be strengthened by the presence of a backstop measure to require data submission if performance 
is inadequate under the voluntary program. 
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data programs such as the hpv challenge are probably best designed and carried out at the 
national rather than the state level, but there could conceivably be scope for creating other types 
of databases at the state level. one potentially interesting example is the case of the children’s 
and families’ protection act in massachusetts, which requires the state to set up a database to 
track commercial pesticide sales/use in the state. 
at the state level, policy-makers may also be able to use the information generated under reach 
to help them in making decisions about chemicals management. much of this information will 
be publicly available. other information will not be available to the public, but there might be 
opportunities for individual states to enter agreements with the european chemicals agency  
to gain access to this information. 
goal: Frms provde nformaton on chemcal use: the 16-year history of massachusetts’ tura 
indicates that significant benefits can be achieved by requiring companies to disclose, and pay 
a fee on, their use of toxic chemicals. one benefit of such a requirement is that it motivates firm-
to-firm communication: companies downstream in the supply chain have an incentive to find out 
what chemicals are contained in the components or ingredients they purchase from suppliers 
upstream. another useful aspect of tura is that the information it provides to the state can be 
used to help direct resources effectively for research, training and implementation to reduce  
or eliminate toxics where possible.
from the perspective of cost effectiveness, the tura program design is quite efficient; firms pay 
a fee on toxic chemical use, and this fee pays for both data management and direct service to 
industry by the state. demands on government are also reasonable: because the program relies 
largely on training firms in toxics use reduction techniques, firms and independent consultants 
develop the capacity to promote toxics use reduction themselves. the tura program successfully 
achieves significant information sharing from firms to government and the public, as well as 
from government to firms. 
in designing programs to gather chemical use data at the state level, states can adopt best 
practices regarding trade secret claims, as discussed previously. 
goal: Frms share nformaton wth one another on ngredents and alternatves: structural 
barriers may impede the flow of information among companies within a supply chain, even when 
the companies would all benefit from increased information sharing. a government-sponsored 
program can serve as a network convener, bringing together representatives from each link in 
the chain, and facilitating collaborative progress in implementing change. as noted in the dis-
cussion of two supply chain initiatives in massachusetts, the existence of a regulatory incentive 
(in this case european regulations on toxics in electrical and electronic products) can be an im-
portant motivator for companies to participate in the program. advantages of voluntary supply 
chain collaboratives include the fact that they can facilitate mutually beneficial communication 
that companies would not necessarily undertake of their own accord. if firms are concerned 
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about sharing information due to anti-trust regulations, a government sanctioned collaborative 
can help to allay this concern. disadvantages of this approach include the perennial problem that 
firms may lack motivation to participate fully in the absence of a legal requirement to do so. it is 
likely that these efforts will be more successful in some industries than in others, depending on 
the competitive structure of the industry and other factors. 
goal: Workers and the publc receve ngredent and health effect nformaton: requiring 
companies to disclose the chemical ingredients of their products offers state governments a 
powerful tool. california’s proposition 65 provides one possible model, requiring labeling of any 
product that contains chemicals listed as causing cancer, reproductive disorders, or other chronic 
illness. states also could take a step beyond the proposition 65 requirements, and require that 
product labels specify which hazardous chemicals are contained in the product. an advantage 
to disclosure requirements is that they create an incentive for product manufacturers to request 
information from suppliers upstream. another advantage is that they provide information to 
consumers, who can then use their market power to support safer products. yet another advantage 
is these provisions can create an incentive for companies to reformulate or redesign products. 
one possible weakness of proposition 65 is that it does not require disclosure of specific  
chemical names. 
Warning/labeling requirements such as proposition 65 place the responsibility on industry to 
provide information directly to the public. government fulfills the intermediate step of identifying 
which chemicals are of sufficient concern that they should be subject to the labeling requirement. 
the enforcement mechanism for proposition 65 allows for citizen suits, creating an incentive for 
citizens and organizations to monitor compliance. this mechanism has the advantage that gov-
ernment does not need to invest significant resources in compliance checks. from the perspective 
of transparency, proposition 65 has the advantage of ensuring that anyone who uses a product 
containing a listed chemical has access to the same baseline of information. individual consumers, 
professional users, retailers, and others all have equal access to the information provided on the 
proposition 65 label. 
another option for increasing the public availability of information about chemicals in products 
is to create a publicly accessible registry of products containing chemicals of concern. some states 
have done this for individual chemicals, such as mercury. at the international level, new chinese 
regulations on toxic chemicals in electronic equipment envision the creation of a comprehensive 
registry of electronic products containing priority toxics.
voluntary labeling programs are also an option. many such programs exist at the state, national, 
and even international level; labels serve to inform consumers that a given product meets specified 
environmental criteria. 
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several people contributed significantly to this module. elizabeth harriman and gregory morose 
of the toxics use reduction institute provided the case study information on the electronics and 
wire and cable industries. richard denison provided information for and comments on multiple 
sections, and ginger Jordan-hillier and michael Wilson provided additional case study information.
a C K n O W L E D g m E n T s
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information collection and dissemination serves little purpose if that information is not widely 
distributed and used for decision-making purposes by a range of actors. yet with tens of thou-
sands of industrial chemicals in commerce (approximately 2,800 used over one million pounds 
per year and some 14,000 over 10,000 pounds per year), how can governments decide where to 
focus their risk management efforts?  can government agencies conduct detailed assessments 
on every chemical in commerce?  how can governments more effectively screen a larger num-
ber of chemicals so that preventive actions can be taken more quickly?  this policy options 
module presents regulatory and non-regulatory approaches that government agencies could 
take to more rapidly screen, evaluate, and make decisions on chemicals. the ultimate goal is that 
through a more integrated use of accumulated knowledge about chemical hazards, exposures, 
and risks, agencies and others are more effectively able to rapidly assess, categorize, prioritize, 
and act on chemicals using prevention measures. 
an ideal assessment and prioritization approach should be a thoughtful, science-informed,  
yet rapid process. particularly at the state level, technical and financial resources may preclude 
more detailed risk assessments, which may not be needed to make a determination of whether 
it is appropriate to undertake some preventive action. thus, an approach should establish a set 
of considerations–a process flow to assist agencies in more effectively linking data collection 
with assessment and voluntary and regulatory prevention activities. it should avoid a “straight-
jacket” that keeps agencies from adapting tools and decisions to the particular data and nuances 
of a chemical. nonetheless, transparency and consistency in any assessment and prioritization 
process are critical to ensure its integrity and legitimacy.
m o d u l e  3
assessment and prioritization of chemicals: 
policy options for states and the federal  
government
how can states best rapdly screen chemcals and rank them  
for hazards and rsks, and how can governments best decde where  
to focus ther rsk management efforts and more effectvely  
transton from screenng to preventve actons?
n  Joel a. TicKner
  l  loWell center for sustainaBle production  l  university of massachusetts loWell options for state chemicals policy reform  l  a resource guide  l  
ultimately any evaluation and prioritization process should help agencies get out of the “ 
paralysis by analysis” approach that has characterized chemicals assessment to date (and has 
been one of the major critiques of chemicals regulation), where few chemicals are reviewed 
and even fewer acted on. on the positive side, as we will outline below, there are numerous 
tools, approaches and expertise for more rapid assessment and prioritization of chemicals that 
already exist and are being used by agencies and companies throughout the world. clearly,  
additional tools will be needed. throughout the process of assessment and prioritization, the 
following questions should be asked:  are there sufficient data to determine whether there might 
be a problem or whether concern is low? What are key uncertainties and data gaps and to what 
extent do they need to be filled in before proceeding? should risk management techniques be 
applied and do opportunities occur for prevention that obviate the need for further study?
several objectives of such an expedited approach to assessment and prioritization of  
chemicals include:
• does the process allow relatively rapid review to facilitate decision-making and remove 
barriers (for example, lack of knowledge) to decision-making?  it would increase the  
ability of the agency to more effectively screen, assess, and manage larger numbers of 
chemicals and initiate proactive risk management recommendations at an earlier point  
in decision-making.
• does it avoid unnecessary, expensive, and protracted evaluations and risk assessments  
so that  existing resources can be used more efficiently to identify chemicals needing risk 
management actions (voluntary before regulatory thresholds have been met or regula-
tory measures), those needing further study, and those that are frequently safer that do 
not need such actions for the time being? 
• does it encourage broader consideration of potentially safer or greener chemicals and 
design at the design stage of chemicals and for existing chemicals when concerns are 
raised?  it would integrate consideration of available alternatives in the discussion of 
chemical risk and appropriate actions.
• does it promote implementation of safer chemicals in a timely and thoughtful manner–
supporting innovation?
• does it focus on how much information is needed to make informed decisions rather  
than on “perfect” knowledge?
agencies generally follow few set structures for chemicals assessment and prioritization.  
however, in some cases agencies may create decision-rules for steps that must be taken before 
regulation begins (for example, the new industrial chemicals screening process at the u.s. en-
vironmental protection agency (epa) outlines a process for reviewing chemicals and describes 
thresholds for undertaking actions). in other cases, practice, such as the national academy of 
sciences four-step approach to risk assessment, defines the process of decision-making. 
O b J E C T I V E s  O F  a n  E x P E D I T E D  a P P R O a C h
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assessment and prortzaton s not normally a lnear process and s typcally teratve n 
nature (for example, a chemical may be re-screened as new data are submitted). often, priorit-
ization accompanies screening (or may even precede screening, such as determinations to focus 
on persistent chemicals) or may occur after some initial evaluation. sometimes assessment is 
integrally linked to screening. thus, the examples presented below of options often transcend 
several steps of the screening, prioritization, assessment, and decision-making process, though 
they may be highlighted in only one of these steps. the extent and order to which each of these 
steps is followed also depends on whether the decision is a regulatory one (in which certain 
thresholds for action must be met) or a voluntary one. 
in this module, we present options for more rapid screening, assessment/prioritization, and  
decision-making. clearly they overlap in that, when dealing with a chemical recognized as a 
high concern at the screening stage, an agency may forego detailed assessment and move 
straight to risk management. We conclude with some general thoughts on more effective  
assessment and prioritization at the state level.
current approaches to chemicals policy involve requirements for extensive data and chemical-
by-chemical risk assessment before preventive action can be taken. in module 1, denison notes 
the paucity of data available on chemical toxicity and exposure that hinders risk assessment 
activities. unfortunately, the lack of data on chemicals and uncertainty about their human or 
ecological health risks often are misconstrued as evidence of safety. in other words, as long as 
data are missing or there is uncertainty as to a substance’s impacts, no action is taken.
under the toxic substances control act (tsca), before epa undertakes restrictive risk manage-
ment measures, it must demonstrate an unreasonable risk involving two steps:  1) first, epa 
must demonstrate that the risk is unreasonable. epa is required to undertake extensive risk as-
sessment activities (with adequate hazard and exposure data which means additional tests and 
data collection usually are required before even undertaking a risk assessment) to demonstrate 
such a risk. risk assessments can take several years to complete and may cost millions of dollars 
for each chemical. While such assessments are being completed, the default decision is implicitly 
that the risk is not unreasonable and the exposure continues; 2) once epa makes a determina-
tion of significant risk, it must then demonstrate that the risk is “unreasonable,” which under 
tsca means that the benefits of regulation must outweigh the costs and that the action taken 
by the agency is the least invasive to meet a particular risk reduction goal. 
The Current Limitations
current risk assessment-based approaches for more efficient chemicals assessment and action 
have several limitations1:
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• Risk assessments generally are used for quantifying and analyzing problems rather 
than trying to solve or prevent them. Quantitative risk assessments generally are used to 
set “safe” levels of exposure that correspond to an agency’s pre-defined “acceptable” level 
of risk, and assume that a population or individual has a certain assimilative capacity. this 
situation avoids discussion of whether certain characteristics of chemicals (for example, 
persistence and bioaccumulation) or hazards (such as ability to cause cancer or repro-
ductive impairment) should be avoided entirely.
• Risk assessments do not consider whether there may be alternatives that would reduce 
or eliminate the risk in the first place. in this respect, a focus on detailed risk assessment 
before actions take place can inhibit innovation in safer chemicals and materials.
• Risk assessments often limit consideration of uncertainties, multiple exposures,  
cumulative effects, sensitive sub-populations, and/or end-points other than cancer. 
• Risk assessments are based on numerous assumptions about exposures, human  
behavior, chemical effects, and chemical fate that may or may not be realistic or may  
miss important considerations.
• Risk assessments can be expensive and time consuming and often tie up limited  
resources. given the contentious nature of such analyses, debates over nuances (for  
example, specific models or uncertainties) can stave off preventive actions for long  
periods of time. 
 
for example, it took the occupational safety and health administration nearly a decade 
to finalize a standard for methylene chloride. many of those years of debate — over a 
chemical known to be problematic — were focused on minutiae about how the chemical 
was transported through the human body and caused its toxic effects. While these debates 
occurred, workers continued to be exposed to what has now been deemed a potential 
carcinogen. this approach to chemicals policy is not only inefficient, it has been harmful 
to health and ecosystems. indeed, if scientific research had been focused on analyzing 
alternatives to methylene chloride in various industrial operations while simultaneously 
exploring the substance’s mechanism of action, debates over toxicologic mechanism 
might have been avoided and workers would have been better protected sooner because 
debates over toxicologic mechanism would not have been the only focus of action.2
Hazard Data, Exposure Data, or Both?
debates in chemicals policy efforts are addressing whether decisions to prioritize or act on 
chemicals should be made on the basis of only hazard data or whether exposure or risk data 
also should be considered. hazard represents an inherent characteristic of a substance — for 
example, perchloroethylene will always be inherently carcinogenic. Whether a person will get 
cancer depends on exposure. however, exposures often are hard to measure and there are  
significant uncertainties concerning how much exposure (when combined with other exposures 
and stressors) might lead to cancer. further, one must consider the lifecycle of a substance 
when thinking about exposure potential. for example, just because perchlorethylene is used  
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in a closed vessel does not mean that it will not be released into the environment at the end  
of its life (that is, in disposal). thus, reducing the inherent hazardousness of chemicals should be 
an important goal of chemicals policy efforts (indeed, the field of green chemistry is based on 
reducing the hazards of chemicals, not exposure, and the field of pollution prevention focuses 
on reducing waste and chemical use in facilities on the basis of the inherent toxicity of materials 
not their risk).
similarly, exposure data are very important to understanding high risk populations and chemi-
cals of concern due to high exposure (a lower toxicity chemical may be of higher concern by 
nature of its types of exposure). exposure information thus can help identify potential risk trade-
offs, for example, increased exposures to workers or a new potential use of a chemical that 
could increase hazardous exposures. exposure data also may be helpful in considering how  
a chemical behaves in the environment. for example, a purely hazard-based system may not 
identify the problems of mercury in the environment (formation of methyl mercury). that said, 
exposure assessment is expensive and resource intensive so surrogates of exposure, such as 
production volume, use quantity, or use category/type can be very helpful in efforts to identify 
problem chemicals and identify opportunities for prevention. in this respect, particular chemi-
cals and uses of chemicals may be prioritized more rapidly for preventive actions.
this discussion is not suggesting that there is no place for risk assessment in chemicals policy 
efforts. rapid risk assessment processes (quantitative and qualitative) can be very useful in  
prioritizing chemicals of concern, in comparing alternatives, or in determining clean-up levels 
for contamination. several examples of rapid risk assessment processes are described below. 
however, it is important that policy structures are designed so that decision-making is not  
contingent on chemical-by-chemical risk assessments and that availability of safer alternatives 
becomes as much a consideration in the decision-making process as the chemicals’ hazard/risk.
the data generation process has been discussed in a separate module (denison, module 1). 
screening is generally a first-pass examination of hazard data. screening–like in medical testing 
— should focus on avoiding false negatives (making a determination of low or no hazard when 
hazard does indeed exist). since it tends to occur early in the decision-making process, screen-
ing-level data tend to be less complete, but the process of review tends to be more rapid in na-
ture. however, screening can support decisions to use or not use a particular chemical (on the 
basis of some identified hazard) and can serve to identify negative attributes in a chemical. 
screening should be iterative and reoccur as new data are collected.
some laws require chemical data to be provided to government agencies, for example, on  
studies that can identify particular hazards or toxicity; on chemical use or exposure; or chemical 
properties. sometimes data are collected because a concern has been raised about a substance 
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in the scientific literature or by agencies or communities or a scientific body, such as the u.s. 
interagency testing committee, has identified a chemical of concern because it is being found 
in the environment or in human tissues.3  in the case of the epa’s high production volume (hpv) 
challenge program4 and the organization for economic co-operation and development (oecd) 
equivalent5, data are collected as the result of pressure placed on industry to assume voluntary 
responsibility. finally, in some cases, responsibility lies with industry to submit chemical data. this 
is the case for most countries’ new chemicals programs and for information that indicates new 
hazard or risk knowledge about the chemical. in europe, with the implementation of the regis-
tration, evaluation and authorization of chemicals (reach) legislation, there will be systematic 
data collection requirements for all chemicals in commerce over one metric ton per year.
once data are collected, agencies can then screen them to examine quality and in some cases 
determine whether a substance is of low concern and thus in need of no more evaluation, of 
higher concern and in need of further testing, or of unknown concern and in need of further 
testing. screening often involves only review of the inherent toxicity (hazard) of a substance  
but it also may include consideration of potential uses and exposures.
after initial screening of data is completed, under current policies a likely outcome is collection 
of further data to fill in gaps, understand exposures, uses, or hazards and obtain more informa-
tion for decision-making. such requirements often happen in the context of applying laws such 
as tsca, under which an agency will request particular studies to better understand the risks of 
a particular chemical based on initial data the agency has received. more detailed studies tend 
to include sub-chronic toxicity and exposure scenarios. at the state level, such studies often are 
completed in response to exposures or impacts at the local level, for example, perchlorate in 
drinking water supplies or more recently body-burden testing. such studies generally support 
media-based (for instance, water, air) decision-making at the state level where states generally 
have strong regulatory capacities. they can often slow down decision-making processes while 
data are collected and may tax the financial and technical resources of agencies.
screening processes can be important in understanding the hazards of a particular substance. 
screening can serve as the first step in prioritizing (or even accompany prioritization) and can 
lead to risk management measures for chemicals of concern, if clear criteria are pre-defined 
(such as persistence and bioaccumulation). in general, initial screening can determine whether 
there is a potential hazard that merits further study or action, not whether there is no hazard. i 
nitial screening processes, even those that include test data, should not lead to determinations 
of safety though they could lead to a determination of lower priority for further action (see 
module 1, denison). 
several options for chemical screening could be instructive in examining regulatory and  
non-regulatory options for action. they include: 1) government provides industry the tools to 
undertake regulatory or voluntary screening with government review; 2) government requires 
industry to submit information/undertake screening; 3) government agencies undertake 
screening on the basis of existing data.
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OPTIOn :  Provde ndustry wth the tools to undertake regulatory or voluntary screenng 
wth agency revew. under such an approach, government agencies would provide industry 
with tools to screen chemical toxicity and potential exposure to their chemicals. industry would 
not be required to develop new test data but use available test data and surrogate sources, 
such as structure activity relationships, to develop such a submission. companies would com-
plete the data analysis and submit it to a government authority for review and potential further 
action. the model for this approach would be the u.s. epa’s sustainable futures program which 
provides extensive tools to industry to screen new chemicals and understand safer designs and 
synthesis pathways. the program improves the quality of the pre-manufacture notifications 
firms send to epa for new chemicals and facilitates epa’s rapid assessment (see example  
below under assessment).
there are two potential options for such an approach:  1) voluntarily ask all chemical manu- 
facturers in a state or user sectors to submit such a “dossier” to the appropriate agency by a  
particular date; or 2) require such submissions. in either case, it would make sense for such  
“dossiers” to be submitted for both “new” and “existing” chemicals manufactured or imported 
into the state. a benefit of a voluntary approach would be the relatively low cost of implemen-
tation (simply technical support and outreach to industry to provide access to and training on 
the tools and requirements as well as agency review). this option could be limited to simply the 
industry submission with very little agency review (simply a check for completeness) or include 
a more detailed rapid agency assessment (screening and assessment together). a limitation 
would be participation in the program. a positive aspect of a regulatory requirement would  
be an ability to ensure a more comprehensive picture of chemical toxicity and possibly better 
access to use/production data in a single location. such a dossier can go beyond the current 
requirements for new chemical submissions under tsca and include information on chemical 
use and exposure.
Example of Option 1:  EPA Sustainable Futures Program.6
under tsca, manufacturers and importers of new chemicals must submit a pre-manufacture 
notification (pmn) to the epa 90 days before initial manufacture. the pmn must include data 
about chemical identity and potential uses but in most cases no new test data are required. as 
such, epa relies extensively on structure activity relationships in the chemical review process. 
given the lack of test requirements, epa has developed a series of tools to assist in developing 
usable data for this process, including exposure assessment, fate and transport; aquatic toxicity 
and carcinogenicity prediction; and prediction of persistence, bioaccumulation and toxicity. 
epa understands that the most effective time to promote safer chemistry is in the design stage, 
particularly since epa’s authorities for regulating chemicals once on the market are limited. 
through the sustainable futures program, epa trains industry chemists in the use of these de-
sign and predictive tools, in chemical toxicity and process design, and how to reduce chemical 
impacts at the design stage. epa has trained hundreds of industry scientists in these tools,  
often in conjunction with industry and academic partners. 
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OPTIOn 2: Requre ndustry to submt nformaton/undertake screenng. under this ap-
proach, manufacturers and importers of chemicals would be required to submit a chemical 
screening dossier consisting of actual test data (and surrogate data where it can be justified). 
the chemical dossier would include information on chemical characteristics, uses, and ex- 
posures and a screening-level hazard/risk assessment as well as risk management recom- 
mendations for safe use. in such a case, chemicals could be grouped into categories for  
submission. a model for this is the reach registration dossier (see below).
a strength of this option is the burden on manufacturers to develop and provide the data.  
however, government agencies would have to develop data management systems to compile 
and use the data. such an approach would be costly to industry and likely would require sig-
nificant government oversight resources.
Example of Option 2: The REACH Registration process.7
under the european union’s reach legislation, all chemicals manufactured or imported over 
one ton per year per manufacturer or importer will need to be registered. the registration re-
quirements (including testing) will depend on the tonnage produced or imported. in general, 
testing can be replaced with information derived from alternative approaches if the approach  
is validated. all chemicals will have a base set of data and those chemicals manufactured or  
imported over ten tons per year will have a chemical safety report, which in some cases must 
include a qualitative risk assessment for each use of that chemical. the burden is on the manu-
facturer/importer to provide this information. When registrations are submitted to the new  
european chemicals agency, they will generally not be screened other than a quick review  
for completeness. such dossiers will be reviewed for quality during the evaluation phase  
(see below).
OPTIOn : government undertakes screenng on the bass of exstng data. in this case,  
government agencies would screen a defined group of chemicals (for example, all chemicals 
used over a certain tonnage threshold, all chemicals on a substance registry, all toxics release 
inventory (tri) chemicals used in a state) to assess potential hazards/risks, develop hazard  
classifications, and identify chemicals that require additional data or potential action. such 
screening processes are done on the basis of data already provided to an agency (for example, 
high production volume chemicals data) or structure activity relationships. they tend to be  
rapid assessments to identify additional requirements or actions. they can be combined with  
a voluntary data “call-in” to industry to provide data for the screening process.
a positive aspect of such approaches is that they are relatively inexpensive (relying on current 
data) and are undertaken by the agency without having to go through a regulatory negotiation 
process  to collect data (though given limited agency budgets, legislative mandates may be 
helpful to stimulate such activities) and can be done in a relatively rapid manner to facilitate 
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decision-making. a negative is that it requires agency technical and financial resources to  
undertake the assessment. further, a data-based screening approach requires data to be avail-
able which would first require some type of data submission process. two examples of such  
assessment processes — one using data submitted to an agency and one using sar data —  
are presented below.
Example of Option 3:  Screening Process for EPA’s HPV program.8
a concern raised in the early years of epa’s voluntary hpv challenge program was how the 
agency would actually use the data to make decisions. a federal advisory committee, the  
national pollution prevention and toxics advisory committee (npptac), developed a two-tiered 
screening program for hpv chemicals — that has since been adopted by epa. tier i screening 
is nearing completion and epa completed 50 tier ii screenings as of the end of 2007:
Tier I. tier i is an automated process whereby key elements of a submitted hpv data set are 
screened against predetermined criteria (hazard criteria from the globally harmonized system 
of classification and labeling — ghs) to establish a logical order in which the office of pollu-
tion prevention and toxics should review the chemicals or categories of chemicals. the industry 
submissions were taken at face value with no review of quality or completeness at this tier. a  
set of three review groups (decreasing priority) was established for tier ii review (with up to 
one-third of submissions in the highest priority group). npptac notes that the results of tier i 
review do not provide a final judgment of hazard or risks, if any, of a chemical/category.
Tier II (to be completed over a two- to four-year period for all chemicals). under tier ii, epa 
would conduct a more in-depth review of the data in the challenge program submissions for 
quality and completeness; develop a screening-level hazard assessment based on the hpv 
screening level data (sids) and other hazard data provided by the sponsors; and inform the 
sponsors and the public of its findings. npptac notes that tier ii is not an assessment of the  
exposure potential or risks of a chemical. the key outputs of a tier ii review are a determination 
as to the adequacy of the submitted data and a screening-level hazard characterization that  
is posted in the public hpv information service database. a tier ii review could lead to the fol-
lowing next steps: 1) gathering additional information on uses (for example, by use function, 
category, release potential, or benefit) and exposure (to humans and/or the environment);  
2) gathering additional information on hazards to support a more in-depth characterizations;  
3) evaluating existing federal and state regulatory controls (for example, occupational exposure 
limits); 4) providing information referrals or recommendations for actions to other epa programs 
or other federal or state agencies; 5) initiating a risk assessment led by epa, another agency,  
industry, and so on; or 6) deciding after closer examination that no further action is needed  
at this time.
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Example of Opton  – Dansh EPa Classficaton.
in 2000, the danish government issued an advisory list for the classification of dangerous sub-
stances. through the use of quantitative structure activity relationships, the danish government 
examined approximately 46,000 substances and classified 20,624 according to acute lethal tox-
icity, sensitization, mutagenicity, carcinogenicity, and aquatic toxicity (european union chemi-
cal classifications). this rapid screening and classification process has been important for the 
country to more effectively use resources for targeting chemicals of concern. the government 
has already prioritized some chemicals — such as pBts — as being of higher concern.
O V E R V I E W  O F  O P T I O n s  F O R  C h E m I C a L  s C R E E n I n g
 this table summarizes the three options for chemical screening outlined above for speed, cost,   
 resource needs, transparency, and performance. l=low; m=medium; h=high 
Opton  – Provde tools 
to ndustry for voluntary 
screenng
Opton 2 – Requre 
ndustry to submt data/
undertake screenng
Opton  – government 
screenng on the bass  
of exstng data
speed of mplementaton m l h
Cost
    Industry m h l
    government m l m
Techncal/human resource needs
    government m/h m m/h
     Industry m/h m/h l
Publc access to nformaton/
transparency l/m m m
Performance – ablty to expedte 
decsons and lead to mplementaton 
of safer chemcals and uses
m l h
Chemical Screening: Key Considerations
any chemical screening process should involve several key considerations:
• The chemical “universe” subject to screening. is it all chemicals manufactured or import-
ed into the state, all chemicals used in the state, chemicals released in the state, higher 
volume chemicals, chemicals in a particular sector, and so forth? in this context, should 
data be requested/required for only chemical manufacturers and importers, high volume 
users, or all entities that sell chemical products? the challenge of requirements for entities 
that sell chemical products is the establishment of some type of chemicals registry to track 
use. clearly, the more chemicals involved, the more burdensome the process will be. 
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• To what extent chemical use and exposure information should be considered at this 
phase and how. screening processes are generally hazard-based. however, information 
on the type of use (also called use category) can be very helpful at this stage in identifying 
potential actions and prioritization. for example, a substance for which screening indicates 
that it can be persistent or bioaccumulative and is used in an open consumer use could 
be considered of higher concern (see below).
• How lack of data should be treated in screening processes. When data are not avail- 
able, the lack of data (which may include the inability to reliably estimate the hazards of a 
chemical on the basis of structure-activity relationship models) should itself be construed 
as evidence of potential concern about that chemical. this fact provides an incentive for 
companies to rapidly generate data for screening processes (particularly in voluntary  
processes). in government-initiated screening processes, agencies should use the most 
conservative, worst-case assumptions regarding potential toxicity of a substance in their 
screening processes. it would be akin to the idea of sensitivity in a disease screening  
process where it is preferable to not miss a disease (and overpredict disease) than to miss 
one. nonetheless, alternative substances may not have the same extent of testing/data  
as older substances of concern. more years of testing should not be construed as greater 
evidence of safety. While an alternative substance may not have as much test data as the 
substance it may be replacing, it may be enough to indicate that it is safer. In general, 
determnng comparatve safety of two substances does not requre as much data  
as determnng the safety of a sngle opton.
• How knowledge can be updated in an efficient manner. screening should be viewed as  
a dynamic process. mechanisms should be in place to update screening-level knowledge 
(as knowledge about a particular chemical class or structure improves) and to require 
submission by chemical producers and users of any information indicating a hazard or 
exposure concern.
• Agency capacity to undertake screening or compile data. chemical screening capacity 
within agencies differs from state to state. some states, such as california, have extensive 
resources for data collection and screening, while smaller states may not have the resources 
to undertake extensive screening processes (or even data collection). as such, options will 
differ from state to state. states may be able to combine resources to initiate a regional 
screening process. or states could require industry to undertake the screening process.
• Whether to undertake a regulatory or a voluntary approach to screening. the type of 
approach will depend on the purpose of the screening process. for a registration type 
process, such as that under reach, a mandatory data generation and collection approach 
would be reasonable. if an agency is attempting to prioritize chemicals of concern, a  
voluntary government-initiated approach may be the most appropriate. 
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When initial data are collected and screened, a next step under many current policy systems is 
to evaluate chemicals to determine which require further study or action. assessment can often 
be a very resource- and time-consuming process–particularly if detailed risk assessments are 
conducted. But assessments can be streamlined, for example, examining the inherent hazards 
of a substance (is it a carcinogen?) or exposures (what are potential exposures to consumers 
from this substance?) or risk (what is the likelihood that someone might be harmed from this 
exposure?). more rapid decision-making on a greater number of chemicals will require the de-
velopment of more rapid assessment tools. often, hazard assessments are completed instead  
of or before more extensive risk assessments — such as the cases of the oecd’s screening  
information data sets (sids) program, u.s. epa’s hpv challenge. By themselves, they can be  
the basis for actions, such as listing a chemical on the toxics release inventory. 
With a large number of chemicals in commerce, it would be difficult for any agency to under-
take detailed assessments on each of them. as such, agencies will have to determine which 
chemicals are more and less problematic. assessment efforts (and often screening-level efforts) 
frequently include prioritization processes (or may even be preceded by them). prioritization  
(as well as a similar process called categorization, whereby a list of chemicals is “categorized” as 
to its hazard or risk characteristics) is the process of determining which chemicals are of higher 
and which of lower concern. prioritization is a way for agencies with limited resources to deter-
mine where to most effectively target resources. it is the process of sorting or ranking chemicals 
(like taking a sieve) as a result of applying a set of criteria or methodology. prioritization efforts 
often are explicitly linked to decision-making processes (for example, carcinogens should not 
be used in workplaces). these processes are examined in the next section.
prioritization processes can be undertaken on the basis of hazard (inherent toxicity) or qualita-
tive risk (for example, chemicals in consumer products). a group of chemicals can be prioritized 
based on inherent hazards (for example, persistence or bioaccumulation or carcinogenicity) or 
as the result of a screening process that identifies hazard criteria for action. for example, the state 
of Washington has prioritized persistent Bioaccumulative and toxic (pBt) chemicals for regula-
tory action.11  the swedish sunsetting process prioritized persistence and bioaccumulation along 
with the goal of achieving a non-toxic environment within one generation.12  reach prioritizes 
certain types of substances, such as persistent and bioaccumulative toxics. the canadian envi-
ronmental protection act (cepa99) required the government to undertake its categorization 
process with clear concern for persistence and bioaccumulation. 
various models for rapid assessment and prioritization processes could be used to support  
sustainable decisions on chemicals management. they include: 
a s s E s s m E n T  a n D  P R I O R I T I z a T I O n  P R O C E s s E s – E x a m P L E s  a n D  O P T I O n s  0
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OPTIOn :  government agency undertakes rapd or detaled substance assessments.  
under this option, a government agency would undertake a substance-by-substance (or  
chemical class) based assessment of chemical toxicity and/or risk to determine whether further 
actions (including study) are needed. such an assessment can be done on the basis of data  
collected by the agency — from previously conducted studies — or data provided by industry 
(voluntarily or required, such as under the reach process). they also can be conducted on the 
basis of structure activity relationships, such as the assessment process for new chemicals  
under tsca. these assessments also can be based on a specific endpoint — carcinogenicity  
and reproductive toxicity — as well.
a positive aspect of this type of analysis is that it provides a detailed assessment of hazard or 
risk of a chemical which can then be used to support more aggressive policy measures — such 
as restriction of a chemical class or a mandate for clean-up activities. the technical, data, and 
financial requirements to undertake such assessments are negative aspects. 
Example of Option 1:  Detailed chemical evaluation under REACH.13
under the reach registration phase, the european chemicals agency will receive a registra- 
tion dossier for all chemicals manufactured/used over one metric ton per year. submitters will 
be responsible for undertaking a chemical safety report for all uses in some cases as well as sub-
mitting a chemical classification. the european union has in essence prioritized the data collec-
tion process for certain types of chemicals–those produced in high volumes and those that on 
the basis of their initial hazard categorization are persistent, bioaccumulative and toxic, or are 
carcinogens, mutagens, or reproductive toxicants. these chemicals (including five percent of all 
registrations) will become candidates to undergo a process called evaluation, whereby european 
member states have the authority to review the quality of the data (including whether further 
study is needed), and evaluate the assessment done by the registrant and the adequacy of the 
risk management measures they and their downstream users are employing to mitigate risk. 
for chemicals actually selected for evaluation (estimated to be about 50 per year), the reach 
legislation includes timelines for completion of the evaluation process so that decisions can  
be made.
Example of Option 1:  Rapid Carcinogenicity Assessment under the California  
Safe Drinking Water and Toxic Enforcement Act Risk Screening Process.14
under the california safe drinking Water and toxic enforcement act (of proposition 65), the  
california environmental protection agency (cepa) was required to conduct health risk assess-
ments for the 396 list carcinogens and reproductive toxicants. By 1991 conventional risk assess-
ments were prepared for only 77 of those chemicals. the need to have risk figures to under-
stand possible public health implications of these chemicals led to the development of rapid 
risk assessment procedures using the expedited linearized multistage model default procedures. 
the methodology uses estimations of human cancer potencies derived from potency values in 
animals, multiplied by an appropriate interspecies scaling factor. the advantage in the use of 
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lms procedure is its similarity to conventional risk assessment, using default assumptions in 
data selection, but the process is more rapid since it is based on available information. the  
comparison between the 77 chemicals examined in conventional assessment and another 125 
chemicals using the lms procedure, makes more than 200 potency estimates in less than a year.
Example of Option 1:  EPA rapid assessment under the TSCA New Chemicals Program.15
When industry submits a pmn under tsca, epa must review the submission to determine if the 
chemical may present an unreasonable risk or significant exposure within a 90-day period. the 
epa new chemicals review has a well-defined process that has been described elsewhere but 
generally includes an analysis of chemical hazard, potential exposures (also using modeling 
data), and chemical risk. epa’s rapid review of the data includes a multi-disciplinary group of 
agency scientists who meet to discuss various aspects of the data submitted and generated by 
the agency to determine whether regulatory action or voluntary negotiation (including recom-
mendations for testing or dropping a chemical from review) are needed. epa has a database of 
more than 30,000 chemicals reviewed and also has developed a set of “chemical categories” 
which the agency defines as chemicals that are similar structurally and have a consistent set  
of hazards; if a new chemical falls into one of these categories, that is a basis for epa to require 
additional data for safety determinations or to impose risk management conditions. this list of 
chemical categories in part helps to screen for chemicals that might be of concern to the agency 
and industry submitters are notified of additional requirements for chemicals in these catego-
ries (or to avoid certain types of chemistries). through this process, epa reviews more than 
1,000 chemical submissions per year and regularly corresponds with industry submitters of 
data to discuss concerns.
OPTIOn 2:  government agency undertakes rapd classfcaton/prortzaton process.  
this approach is similar to the rapid screening process outlined above but goes further to classify 
chemicals for priority action on the basis of some pre-defined criteria–hazard, exposure, risk, 
and so on. this approach actually may include less detailed data evaluation than the previous 
option and hence the two might be combined or prioritization may precede assessment. the 
purpose of the activities is generally to channel resources into chemicals of higher concern and 
provide signals to manufacturers and users of chemicals about substances that will be of great-
er concern to an agency. analyses can be done on the basis of the intrinsic hazard of a chemical 
or qualitative assessment of risk or some type of quantitative estimation algorithm.
a strength of the approach is that there is little or no industry burden for an agency to under-
take such an analysis and it can provide important signals to manufacturers and users of chemi-
cals. a weakness is that the approaches do require expertise and resources which may have to 
be allocated by a state government. such a process can be required in law, have timelines for 
completion and financial resource commitments, and have requirements for an agency to seek 
additional data where needed to complete the prioritization.
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Example of Option 2:  Rapid Screening through the Canadian Domestic Substances  
List (DSL) Classification.16
created in 1991, the canadian dsl is a list of substances that were “in commerce” in canada  
between 1984 and 1986. the cepa99 required that the canadian government undertake a cat-
egorization of chemicals used, manufactured, or imported into canada (approximately 23,000 
substances). categorization was defined as an efficient but sound prioritization process for  
further screening and action on dsl chemicals that may present greatest potential for exposure 
or are persistent or bioaccumulative and inherently toxic. the categorization process consisted 
of a human health and ecological health evaluation on inherent toxicity (conducted by environ-
ment canada and health canada) as well as an assessment of exposure potential (exposure and 
persistence and bioaccumulation). through this categorization process about 4,300 chemicals 
have been identified as needing further assessment/action and about 500 chemicals have been 
listed as high priorities for further assessment/action. the dsl categorization process has been 
integrated into the new canadian chemicals management plan.
 
Example of Option 2:  Quantitative prioritization algorithm — EPA Toxics Release Inventory 
(TRI) Prioritization Effort.17 
the university of tennessee center for clean products and clean technologies developed a  
prioritization method for the epa that consisted of relative risk ranking and scoring for a combi-
nation of health and environmental toxic effects of tri chemicals. toxicity data were colleted 
from the hazardous substances database and by using structure activity relationship analysis, 
specifically for estimating physicochemical properties and environmental effects. the method 
used a two-tiered approach to avoid false negatives (screening tier) and false positives (confirma-
tion tier). the preliminary screening tier identified chemicals released in high quantities in the 
tri and high-volume pesticides (158 chemicals). Weights were given to values for the environ-
mental and human health categories. exposure potential was estimated on the basis of per-
sistence and bioaccumulation parameters. the algorithm for the hazard ranking was:
Total Hazard Value = (Human Health Effects + Environmental Effects) x Exposure Potential.
following the screening tier, used to identify priorities and potential alternatives, the confir-
mation tier was used to confirm the highest priority chemicals. 
Example of Option 2: Qualitative risk-based prioritization scheme — Chemical Use  
Categorization Process.
over the years, several use category-based prioritization systems have been proposed. such 
processes help to prioritize and group chemicals not only on the basis of hazard but also broad-
ly on their particular uses. use categories or clusters can be defined as the general group of use 
for a particular substance, for example, open consumer uses; or adhesives; or solvents. in 1994, 
Warren muir proposed a use-based categorization system for chemicals noting that the uses of 
toxic chemicals in specific settings allow harmful effects to occur. his proposal was that produc-
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ers and users of chemicals should be provided with guidance on reasonable uses of chemicals 
and that this guidance should form the basis of epa’s prioritization of chemicals for prevention 
activities. this guidance would provide general guidelines for when specific chemicals can be 
problematic — that is, a reproductive toxicant or one that is persistent and bioaccumulative  
in a product use and should be subjected to pollution prevention actions.
a generic scheme outlined by muir for prioritization of chemical uses is as follows. under this 
scheme, a substance would have a higher priority based on its intrinsic hazard combined with 
its use and how it is used (exposure potential):18
 closed controlled  dispersive  direct 
 system use use  exposure
1. research chemical 
2. raw material
3. reagent
4. product ingredient
5. essential processing 
agent
6. non-specific processing 
agent
7. Waste by-product
8. indoor consumer use
9. outdoor consumer use
OPTIOn :  Provde tools to ndustry to conduct substance assessments. government 
agencies could provide tools for industry to voluntarily complete their own substance assess-
ments and prioritizations. assessments also could be mandatory (see reach registration pro-
cess above). in this option, tools and criteria would be provided to companies to develop as-
sessments that then could be kept within a company (or possibly be submitted confidentially 
to an agency). for example, companies could be provided with training on the epa’s new chem-
icals assessment tools, such as the pBt profiler, to undertake pBt assessments of chemicals 
manufactured and used. or companies could be trained on using the ghs, to undertake the full 
ghs, despite sections which are not adopted at the federal level in the u.s. the benefit of this 
approach is for firms to understand the potential risks of the chemicals they use and possible 
trade-offs between chemical choices. its use would internalize thinking about chemical toxicity 
and safety at the design stage of chemicals and products.
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Example of Option 3: Massachusetts Toxics Use Reduction Institute (TURI) Prioritization  
and Assessment Processes.19
turi provides research and educational support to massachusetts businesses to improve toxics 
use reduction planning and implementation efforts. turi has developed a number of tools to 
assist firms and government agencies in decision-making about chemicals. one such tool is the 
pollution prevention options analysis tool (p2oasys). p2oasys is a comparative chemicals hazard 
assessment tool to help companies examine a broad range of acute, chronic, physical, environ-
mental, and chemical property hazards in comparing toxics use reduction options. p2oasys 
uses existing data on chemicals to identify worst-case potential impacts from current and  
alternative options and provides a disaggregated comparison of the health, safety, and  
environmental tradeoffs between alternatives. 
this table summarizes the three options for chemicals assessment and prioritization outlined 
above with regard to speed, cost, resource needs, transparency, and performance. l=low; 
m=medium; h=high 
O P T I O n s  F O R  C h E m I C a L s  a s s E s s m E n T  a n D  P R I O R I T I z a T I O n
Opton  – government 
agency undertakes rapd 
or detaled substance 
assessments
Opton 2 - agency undertakes 
rapd classficaton/ 
prortzaton process
Opton  – Provde tools 
to ndustry to conduct 
substance assessments
speed of mplementaton l/m m m
Cost
    Industry l l m
    government m/h m l/m
Techncal/human resource needs
    government m/h m m
     Industry l l h
Publc access to nformaton/
transparency m m l
Performance – ablty to 
expedte decsons and lead 
to mplementaton of safer 
chemcals and uses
l/m m/h m
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a number of consderatons must be addressed n determnng optons for assessment 
and prortzaton. clearly, like screening, the extent of assessment and prioritization will  
depend on the resources available in a particular state. the considerations include:
• The level of detail of assessments. the level will depend on the context of the decisions 
to be made. for a clean-up decision where costly clean-ups may be required, more detailed 
risk assessments (with actual test data) may be warranted so as to ensure that resources 
are not overly taxed. similarly, for regulatory decisions to restrict a particularly important 
chemical in commerce with critical uses that may not have good substitutes, more de-
tailed assessments may be needed. for a decision whether to list a chemical on a list of 
chemicals of concern or to prioritize it for voluntary action, less detail (for example data 
based on sars) will likely be needed. 
• Grouping of chemicals in assessment processes. given the sheer number of chemicals to 
evaluate, efforts that group structurally similar chemicals or chemicals within a category 
(brominated fire retardants) will be more efficient. they also will be more controversial 
since some may argue that chemicals are different toxicologically.
• The extent to which use and exposure are considered at this phase and how. states  
will have to decide if hazard alone is sufficient to determine whether a chemical should 
be prioritized for action. exposure assessments are generally harder to conduct due to the 
sheer absence of data on exposure (and of chemical uses through supply chains) which 
could lead to an underestimation of potential exposure and ignore the intrinsic toxicity  
of a substance that could pose problems at any stage in a product lifecycle. given the 
challenges of assessing exposure, it may be useful to find surrogates for exposure — open 
consumer use and so forth — so as to prioritize chemicals. use and exposure can effectively 
be used at this stage to prioritize certain chemicals that may have very high use or high 
exposure (for example, in body burden), exposures during sensitive developmental phases 
(children or the elderly) or exposures to sensitive sub-populations, such as in contami-
nated communities. it may be useful to keep such information separated and not com-
bined (in a risk assessment) to identify a greater range of opportunities for prevention.
• Determining which chemicals/uses are the highest priority. prioritization at this stage 
will require that criteria be developed for what makes a substance a lower or higher prior-
ity. What inherent hazard characteristics (persistence, carcinogenicity, and so forth) and 
what exposure or use characteristics lead one to prioritize a particular chemical. agencies 
may provide guidance to chemical manufacturers and users. agencies would have to de-
termine a set of hazard, physiochemical property or exposure triggers that lead to higher 
or lower concern (for example, persistence and bioaccumulation or reproductive toxicity, 
neurotoxicity, developmental toxicity or carcinogenicit, or high/consumer exposure).  
categories could include high concern, medium concern, or lower concern. there is some 
debate about whether such processes are effective in identifying chemicals as “safer” or 
“preferable” chemicals, though some criteria for greener chemicals would be useful. some-
times such decisions can be made on the basis of available science, but significant judg-
ment is required to decide what types of chemicals are more problematic than others. 
• Determining whether further analysis/assessment is needed. in some cases, it may be 
necessary to undertake more detailed assessments — for example, in clean-up decisions 
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or where a chemical is widely used in industrial sectors–before moving to a decision stage 
(though more study is an action decision). in such cases, it may be necessary to develop 
priorities and timelines for data collection for further assessment — toxicity (mechanisms), 
uses, supply chain data, emissions, sensitive subpopulations (for example, cumulative  
exposures), and so forth. agencies will have to decide whether important data gaps exist 
that must be addressed before taking action; whether risk management measures are 
needed or the assessment process can stop — that is, the chemical is reasonably safe or 
greener and no further actions are needed; whether there is a need for more detailed risk 
assessment and what are the trade-offs between conducting such assessments and con-
tinued exposure; and whether additional on-going data requirements are needed —  
for instance, data requirements as production levels rise.
• Who should complete prioritization processes?  given the lack of guidance from some 
governments, many firms have begun their own chemical prioritization processes, often 
on the basis of regulatory demands or market pressures. in general, it makes most sense 
for governments to provide guidance on chemicals of higher or lower concern and to 
identify classes or groupings of chemicals of concern.
once chemicals are screened, assessed, and prioritized (though, as noted previously, it is not a 
linear process), decisions must be made. data collection and evaluation are of limited value if 
not applied in decision-making processes. traditionally, decisions on chemicals have not been 
made until extensive risk assessment and cost-benefit analysis processes are undertaken. under 
many existing regulatory structures for chemicals management, the decision to act may be on 
the basis of chemical risk alone or the basis of chemical risk combined with economic and tech-
nical feasibility questions, including the availability of alternatives. in the former case, the eco-
nomic and technical feasibility questions become part of the assessment process but only once 
a decision to act has been made (such as under the cepa in canada). in the latter case, these 
issues are weighed directly in the decision of an “unreasonable risk,” as is the case under tsca. 
these traditional decision-making processes have proved slow and ineffective at facilitating 
rapid decisions on multiple chemicals and state government agencies often do not have the 
resources for them. thus, there is a need for more rapid decision-making processes to facilitate 
actions on the basis of screening, assessment, prioritization processes noted above.
making decisions does not require perfect information; indeed, demands for perfect informa-
tion may inhibit preventive decision-making (traditionally uncertainty has favored further study, 
which means continued exposure to a potentially harmful chemical). as a result, it is necessary 
to act with precaution when making decisions in the face of uncertain chemical information. 
under a more precautionary approach to decision-making, a decision to act should not be 
made only on the basis of risk but also should be a function of other considerations such as the 
availability of alternatives, the level of uncertainty about the chemical’s hazard and exposures, 
D E C I s I O n - m a K I n g  b a s E D  O n  s C R E E n I n g ,  a s s E s s m E n T ,  
a n D  P R I O R I T I z a T I O n – E x a m P L E s  a n D  O P T I O n s
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and the magnitude of the risk (for example, are there particularly sensitive populations at risk  
or if there is delay in action could any problems persist for long periods of time). availability of 
feasible safer alternatives may warrant more rapid action on the basis of less detailed assessment 
and is one way to prioritize actions (see module 4, rossi). for example, despite uncertainties  
the danish government restricted phthalates in children’s toys, not on the basis of a quantita-
tive risk assessment but rather on the basis of a series of considerations including: 1) evidence 
of toxicological hazard; 2) evidence of exposure to children; 3) children’s unique sensitivity;  
4) availability of alternatives; 5) the lack of a need for soft teething toys. similarly, despite any 
evidence of human harm, actions were taken in sweden on the polybrominated diphenyl 
ethers based on the fact that they were building up in breast milk (exposure concern), some 
toxicological evidence, and evidence of alternatives.20
tickner (2000)21 developed a tool called precautionary assessment to integrate rapid chemical 
assessment and alternatives assessment to facilitate decision-making in the face of uncertainty. 
under precautionary assessment, the determination of actions is not based on a specific threshold 
for action but rather considers all of the available evidence in determining the most health-protective, 
yet reasonable, course of action. policy tools for implementing precautionary action and pre-
venting harm, ranging from further study to phasing out a chemical, are chosen based on the 
magnitude of the potential problem, uncertainty involved, and availability of feasible alternatives 
(see figure 1). decisions made under a precautionary assessment should not be considered 
permanent, but part of a continuous process of increasing understanding and reducing overall 
impacts. for example, some inherently dangerous chemicals may be integral to a particular process 
or may be the best choice at a given point in time from a lifecycle perspective (for example, mercury 
in compact fluorescent light bulbs reduces energy and use of coal-fired power plants), so chemicals 
policy efforts should be focused on minimizing potential impacts through the lifecycle of the 
material, improving efficiency of use, developing take-back schemes, and so forth. once precautionary 
actions have been chosen, follow-up and monitoring schemes for the activity should be developed 
(using, for example, health and environmental indicators and surveillance). this type of feedback 
is critical to understanding the impacts of precautionary actions, as well as to provide early warnings 
of harm, thus helping to avoid unintended consequences. it also stimulates continuous improve-
ment in environmental performance and technological innovation. for many substances, collection 
processes must be developed to ensure that the substance is not reintroduced into the environ-
ment as a waste product (for example mercury products). for other substances, technical assistance 
efforts must assist firms and workers in transitioning to alternatives (see rossi, module 4).
a determination of a level of precautionary action to be taken should be integrally linked with 
specific policy tools. ideally, decision-making will be facilitated if decisions can be made on the 
basis of groups or broad classes of chemicals or hazard characteristics. the Box following outlines 
a non-exhaustive list of types of decisions that could be made on chemicals or groups of chemicals. 
some could occur earlier or later in decision-making processes, for example, decisions to list 
chemicals of concern may occur more rapidly than decisions to phase out a substance. in all 
cases, developing means to enhance public participation in decision-making should be  
a clear goal of chemicals policy initiatives.
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figure 1  graphc Illustraton of Precautonary assessment 21
under this framework the appropriate measures are a function of the significance of the threat, uncertainty, and the availability of safer 
alternatives. significance of threat is a function of hazard, exposure, and magnitude of potential impacts. the darker color indicates the 
extent to which precautionary measures should be taken — from strict (restrictions) to weak (additional targeted study).
Alternatives Currently Not Available
When safer alternatives are not currently available 
or infeasible, strict to weak precautionary measures 
should be taken depending on the significance of 
the threat and uncertainty of exposure and impacts. 
In the meantime, efforts should be undertaken 
to explore safer and feasible alternatives.
Alternatives Limited
When safer alternatives are limited because 
of feasibility or potentially significant 
trade-off risks, strict to weak precautionary 
measures should be taken depending on the 
significance of the threat, uncertainty about 
exposure and impacts, and the potential for 
safer alternatives to be developed.
Alternatives 
Reasonably Available
When safer alternatives are available but 
may have technical or economic feasibility 
concerns, strict to moderate precautionary 
measures should be applied depending on 
the significance of the threat, uncertainty 
about exposure and impacts, and the 
potential of the alternatives to be refined.
Alternatives 
Widely Available
When safer, feasible alternatives 
are widely available (including a 
single alternative), strong or strict 
precautionary measures should 
generally be applied.  The choice of 
alternative will depend on the particular 
characteristics of the situation.
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The Precautionary
Decision-making Framework
strict precaution
• mandated phase-out/sunsetting of a chemical or class of chemicals
• mandated implementation of alternatives/substitutes 
 
strong precaution
• chemical authorization schemes–reverse onus
• negotiated phase-out/sunsetting of a chemical or class of chemicals (for example,  
voluntary action programs such as those undertaken for pfoa/pfos or pBdes 
where industry agrees to reduce exposure or uses)
• negotiated implementation of alternatives/substitution
• required establishment and implementation of use reduction goals
• mandated substitution/pollution prevention planning with reduction goals  
or other incentives
• temporary restrictions pending further testing
• use restrictions (for example, no carcinogens in workplaces or in cosmetics)
• procurement requirements (for example, green cleaners)
• extended producer responsibility requirements*
Types of Decsons that Can be made on Indvdual  
or groups of Chemcals
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* extended producer responsibility is the concept whereby manufacturers have responsibility to 
“take back” their products at the end of their useful lives. the approach encourages reductions in 
hazardous materials.
moderate precaution
• development and publishing of a list of higher concern chemicals or categories  
of chemicals of concern — such as the nordic observation lists — that can be 
used to work with industry to identify alternatives or in permitting and inspection  
activities
• placing the chemical on a list of chemicals for reporting, such as the toxics  
release inventory
• assurance of bonding or insurance requirements (liability if damage occurs)
• strict exposure/emissions standards that force technology
• mandated prevention/clean production planning without reduction goals or  
other incentives to improve efficiency in use
• labeling requirements
• information disclosure requirements — use, toxicity, supply chain information
• development of product or chemical use registries to track chemicals in com-
merce
• voluntary technical/research assistance to companies on safer alternatives
• supply chain/stakeholder partnerships for alternatives (such as epa design for  
environment partnerships)
• demonstration projects on safer alternatives/award programs for leaders
• research funding for safer alternatives/design change, such as government-spon-
sored challenge programs
• ecological taxes — taxes on chemicals identified as problematic
• rapid evaluation process to identify chemicals of higher and lower concern —  
voluntary or regulatory
• end-of-life collection activities
Weak precaution
• voluntary data call-in initiatives on chemical hazard or use or exposure
• further study to more specifically look at the extent of risk, particularly vulnerable  
sub-populations or economic or technical feasibility of alternatives (though some 
interim action may be taken with further study — such as listing or a notice to 
manufacturers and users of a chemical)
• mitigation and control technology requirements
• compensation for harm and clean up
• fines
• no action (an action in and of itself )
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as noted, state agencies rarely have resources for extended risk assessment/management pro-
cesses on a chemical-by-chemical basis. thus, tools to expedite decision-making on chemicals 
on the basis of scientific analysis are critical for states. there are various options for expedited 
chemicals decision-making that could be instituted. they include:  
OPTIOn :  government ntates “authorzaton” requrements for chemcals dentfed  
as hgher concern. such an approach would treat chemicals of higher concern like drugs, 
whereby companies that wish to use these chemicals in manufacture or products would have 
to solicit “authorization” from a state government authority. such authorizations could be time-
limited in nature and could be granted on the basis of adequate documentation that the chem-
ical is used in a safe way or that there are no technically or economically feasible alternatives. 
the strength of this option is the ability to have greater regulatory review over chemicals of 
very high concern (so that they are regulated as the general public currently believes they are). 
the process of seeking authorization would provide an incentive to identify safer alternatives. 
the limitation of this option is the amount of technical resources to implement it — for exam-
ple, registering chemicals in products that are imported from other states; enforcing authori-
zation requirements; reviewing requests for authorization, and so on.
Example of Option 1:  The REACH Authorization Process.22
under reach, chemicals of very high concern — those that are persistent, bioaccumulutive  
and toxic (pBts); very persistent and very bioaccumulative (vpvB); carcinogens, mutagens and 
reproductive toxicants; and other chemicals of high concern, such as endocrine disruptors — 
will be subject to authorization requirements. under these requirements, companies wishing to 
use a chemical will have to seek authorization for that particular use (a particular manufacture 
of the substance can request authorization for a group of uses). for non-pBt and non-vpvB sub-
stances, a company can receive authorization if “adequate control” is demonstrated. if “adequate 
control” cannot be demonstrated, or the “adequate control” route is not available (pBts and 
vpvBs) then a decision on authorizing a use will take account of the risks posed by the sub-
stance, socio-economic impacts of authorizing the use or not, possible alternatives and substi-
tutes (substances and processes). authorizations will be time-limited in nature and in granting 
an authorization the applicant must undertake a substitution analysis to identify potential sub-
stitutes that could be implemented in the future. the dates for authorization requirements have 
not been set and the process will likely be undertaken on a case-by-case basis over time. the 
european commission will in the meantime publish a list of substances of very high concern 
that will serve as a guide to firms and designate chemicals that will be heavily scrutinized.
OPTIOn 2:  government develops regulatory rsk management programs for chemcals 
dentfed n screenng and prortzaton as beng of hgher concern. under this option, 
government agencies would develop regulations to restrict particular uses of chemicals of high 
concern or emissions of those chemicals or initiate requirements for continued use (such as  
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labeling, chemical use data provision requirements, pollution prevention planning, and so 
forth). several states currently have laws on the books allowing restrictions of chemicals of high 
concern, such as mercury and polybrominated diphenylethers, particularly when high-risk pop-
ulations such as children are exposed. most states undertake state implementation plans under 
the clean air act that could allow emissions restrictions on certain chemicals. further, states 
have extensive discretion in permitting decisions to require limitations or substitution planning 
for chemicals of high concern. certain states, such as massachusetts, have mandatory pollution 
prevention planning requirements that have provisions for additional requirements for sectors 
or chemicals of higher concern. finally, states have jurisdiction under some laws to require 
clean-up activities for certain chemicals. the strength of the regulatory risk management ap-
proach is the ability to affect whole sectors and ensure broader compliance (everyone would 
have to comply). the weakness of such an approach is that agency resources needed to imple-
ment regulations may be extensive and require specific enabling legislation. the ability of an 
agency to act under current legislation may be hindered by burdens of evidence that must be 
presented (which would be hard to do after only a screening-level risk assessment process). 
OPTIOn :  government ssues a lst of chemcals of hgh concern, lower concern, and  
further study and develops voluntary or regulatory programs/actvtes to develop data 
and move frms away from those chemcals. under this approach, government agencies 
would develop and publish a list of chemicals of very high concern and work with industry to 
engage them in finding and implementing alternatives on a voluntary basis. states could work 
on voluntary action plans for chemicals of high concern (regulatory action plans may not be 
possible without specific legislation) where alternatives for the chemical are identified and par-
ticular action steps outlined, including demonstration projects, state procurement programs, 
data collection challenges on use data or alternatives; industry supply chain dialogs. the strength 
of such an approach is its positive and voluntary nature — the list of chemicals of higher con-
cern can send strong market signals and government efforts can engage industry in identifying 
and implementing alternatives. the limitation of the approach is the problem of free-riders 
(companies that do not engage in the voluntary efforts) and the technical, financial, and human 
resource needs for agencies to implement such voluntary efforts. nonetheless, the resources 
should be less than in a mandated action plan.
as an alternative to such an approach, states could develop mandatory action plans for  
chemicals of high concern that include action steps as noted above, joined with mandatory  
requirements for substitution. such an approach is closely aligned with approaches underway 
in denmark (for example, an action plan for phthalates) and in the state of Washington (for  
mercury and pBdes).
Example of Option 3:  Dutch Quick Scan.23
the dutch ministry of housing, spatial planning and the environment developed Quick scan as 
a method for prioritizing assessment and management of chemicals in commerce. While tech-
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nically a screening tool, the dutch government viewed Quick scan as a decision-making tool. 
the approach uses existing data and includes criteria for a number of human health, ecological 
health, and physical property criteria. chemicals are evaluated on the basis of those criteria and 
categorized into four hazard levels. then, a qualitative risk assessment is conducted for each 
chemical using surrogates for exposure such as consumer use, industrial use, site-limited inter-
mediate, and open application/professional use (see appendix). Based on that assessment —  
conducted by industry — chemicals fall into a series of categories. it was the intention (Quick 
scan has been superseded by the eu reach program) of the dutch government that Quick 
scan would serve as the basis of voluntary sector-based initiatives in chemicals reduction, 
cleaner production, and public procurement.
Example of Option 3: Swedish PRIO24 database.
prio is a web-based tool intended to be used to preventively reduce risks to human health and 
the environment from chemicals. prio replaces the swedish chemicals inspectorate’s observa-
tion (oBs) list. the aim of prio is to facilitate the assessment of health and environmental risks 
of chemicals so that people who work as environmental managers, purchasers, and product 
developers can identify the need for risk reduction. to achieve its goal, prio provides a guide 
for decision-making that can be used in setting risk reduction priorities. the prio database con-
tains chemicals identified as being of high concern by the government (phase-out or risk reduc-
tion). it allows users to search for substances and obtain information on properties; identify 
substances contained in product types; and obtain help in developing support for product  
development. the swedish government is using the results of prio to target technical assis-
tance, procurement, and other voluntary efforts.
OPTIOn :  government ntates voluntary ndustry self-classfcaton challenge to self-
classfy and reduce use of chemcals of hgh concern. government agencies would provide 
tools to industry and “challenge” companies to self-classify chemicals, develop lists of chemicals 
of concern, and to develop action plans for reduction of such chemicals. government agencies 
would provide categorization tools, technical support, and incentives (such as awards and regu-
latory relief) to firms taking part in the challenge. its strength is the limited government resources 
needed for its implementation (it relies primarily on industry but would require technical assis-
tance resources from government). the approach is also positive in nature and would help insti-
tutionalize chemical safety thinking in the firm rather than serving as a restrictions hammer. the 
drawback is that laggard companies will have little incentive to participate. this problem could 
be addressed through disincentives for non-participation. further, another drawback is poten-
tial lack of accountability. having strong data and information provision as part of any voluntary 
program is critical to ensure transparency. 
Example of Option 4: UK COSHH Essentials.25
the uK health and safety executive has developed the coshh essentials, based in the control 
of substances hazardous to health regulations (coshh). it is a an internet-supported method 
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for health risk assessment of chemicals used in industry as well as advice for workers and firms’ 
personnel in control, good use practices, and training. users provide information on the chemi-
cal or chemicals of interest (including chemical and physical properties), the risk phases, the 
production process and the way in which the chemical is used, and quantities used. the tool 
provides recommendations for controls and hazard information for the chemical and possible 
alternatives. the user is provided a downloadable report with the recommendations.
Example of Option 4: SC Johnson Co. Greenlist.26
sc Johnson company developed greenlist as a comparative method to measure the environ-
mental impacts of chemical choices. sc Johnson uses greenlist to measure progress towards 
sustainability goals and has provided access to its process for any firm wanting to use the tool 
and commit to implementing the results. sc Johnson has developed four to seven criteria for 
different types of chemicals (for example, surfactants, solvents) used in products, including  
biodegradability, aquatic toxicity, human toxicity, vapor pressure, and other significant concern 
(banned elsewhere, a pBt, carcinogen, and so forth). these criteria depend on chemical type 
and use. chemicals within a category are then scored 0 (restricted use) to 3 (best) for the various 
criteria and a weighted score is developed. the goal is to avoid chemicals scored 0 or 1 and to 
keep moving towards the chemicals scored as 3. sc Johnson allows other companies to use 
greenlist free of charge on the condition that they commit to benchmarks for reducing  
chemicals listed as 0 or 1.
Example of Option 4: McDonough Braungart Design Chemistry (MBDC) Cradle to Cradle  
Design and Material Assessment Protocol.
mBdc has developed this pay-for-use protocol to assess materials used in products and pro-
cesses in order to assist companies in designing more environmentally friendly products. the 
protocol considers human and ecological health end points as well as recyclability, recycled 
content and/or use of renewable resources, product design and disassembly). it does not  
examine exposure. chemicals are rated qualitatively on the basis of their hazard characteristics:  
green — little or no risk; yellow — low to moderate risk; orange — data lacking to estimate risk; 
red — high risk. mBdc has developed criteria for each endpoint that would indicate into which 
category a particular chemical would fall.27
Example of Option 4: Clean Production Action’s Green Screen.28
clean production action has developed the green screen as a hazard prioritization and deci-
sion-making process for chemicals. green screen provides a hierarchy of hazards (for instance, 
persistence and bioaccumulation) and decisions to be made based on hazard characteristics. 
users gather data about a chemical and then enter available information on their chemical into 
the green screen to determine whether it is a chemical of high concern (stop using) or lower 
concern.
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Considerations in Decision-Making
multiple considerations must be addressed in the decision-making stage:  
• The legal framework. in the end, the ability of an agency to make decisions (particu- 
larly regulatory ones) will depend on the existing legal framework. an agency must have  
authority (ability and resources) to undertake a regulatory initiative that involves deci-
sion-making on chemicals (for example. restrictions). such a legal framework lays out the 
thresholds for action (that is, evidentiary needs, other considerations — such as economic 
and technical feasibility — that must be taken into account). even voluntary programs  
could be subject to some type of budgetary review.
O P T I O n s  F O R  C h E m I C a L s  D E C I s I O n - m a K I n g
 this table summarizes the four options for chemical decision-making outlined above with regard  
 to speed, cost, resource needs, transparency, and performance. l=low; m=medium; h=high 
option 1:  government 
initiates “authorization” 
requirements for 
chemicals identified as 
higher concern
option 2:  government 
develops regulatory risk 
management programs 
for chemicals identified 
in screening and 
prioritization as being of 
higher concern
option 3:  government 
issues a list of chemicals 
of high concern, lower 
concern, and further 
study and develops 
voluntary programs/
activities to develop data 
and move firms away 
from those chemicals  
option 4:  government 
initiates voluntary 
industry self-
classification challenge 
to self-classify and 
reduce use of chemicals 
of high concern
speed of 
mplementaton l l/m m/h m
Cost
    Industry h h m m/h
    government h h m l/m
Techncal/human 
resource needs
    government m/h m/h m l
     Industry h m m m/h
Publc access 
to nformaton/
transparency
m m/h m l
Performance 
– ablty to expedte 
decsons and lead 
to mplementaton 
of safer chemcals 
and uses
m/h m/h m/h m
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• Whether decisions should be hazard- or risk-based. as described in the previous section, 
a decision to identify a chemical of higher concern is often a hazard-based determination. 
prioritizing uses of highest concerns may include qualitative risk information. the decision 
whether to base decisions on hazard or risk may depend on the regulatory framework. 
for certain types of chemicals — such as those that persist or bioaccumulate — hazard 
alone should be sufficient to implement substitution type decisions.
• How much data are needed to make a decision?  in many cases, screening level may not 
be sufficient for regulatory decision-making (if laws have decision-thresholds) but could 
be sufficient for requesting voluntary measures on the part of industry (particularly if 
characteristics of concern are identified), placing the chemical on a list of high concern, 
labeling requirements, and so on. a particularly important point in determining how much 
data are needed is the availability of prevention options or other drivers such as regula-
tions in another jurisdiction. for example, for a chemical that has little data or just a 
screening-level review, regulations in europe will be enough to initiate voluntary programs 
in order to maintain markets for state-based industries. similarly, the availability of a safer 
alternative (particularly if it is being manufactured in the state) may provide an additional 
incentive to undertake a demonstration program.
• Who should make the decisions — government, industry?  there are pros and cons to  
industry versus government making decisions. the strength of government decisions — 
particularly those listing chemicals of concern — are that they provide a broad signal to 
markets of actions that could be taken in the future (including changes to procurement 
practices). this would allow for a consistent list of chemicals of high concern. the benefit 
of industry making decisions is that companies know their particular chemical uses, options 
for reduction, and so forth and may be able to more quickly prioritize a broader range of 
chemicals based on their uses than government. also, actions undertaken by the company 
may have a better chance of resulting in prevention activities versus a mandate (even  
listing) from government. many firms are expressly opposed to listing chemicals. thus, 
placing all decision-making authority on industry without a requisite incentive (stick)  
to implement change may be insufficient.
• To what extent should concerns about risk trade-offs, feasibility, and socioeconomic 
impact be considered? a decision is not a good decision if it results in firms switching 
from one chemical of concern to another. thus, clear guidelines about which chemicals 
are of higher and lower concern are critical, as well as guidelines on comprehensive alter-
natives assessments to consider trade-offs in reduction and substitution decisions. the 
extent to which technical and economic feasibility must be considered will depend on 
the type of decision — that is, a regulatory restriction versus a voluntary initiative. in a 
regulatory initiative, it would make sense to consider the viability of alternatives so that 
firms do not simply switch to the next slightly less problematic alternative. in a voluntary 
effort, companies will not undertake the action if it appears to cost too much or is not vi-
able. in both cases, government-supported research, technical support, and demonstra-
tion can help to address these issues of technical risk increasing the viability of options.
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• What to do with chemicals of lower concern at the moment?  some chemicals — 
through either assessment or prioritization processes — will be considered lower concern. 
however, that may be based on an initial screening-level analysis of data. as such, pro-
cesses need to be in place to collect additional data if new evidence emerges about the 
toxicity of a lower concern chemical. lower concern is not equivalent to no concern or  
no risk management measures needed. at the same time, having a list of lower concern 
chemicals is important (if good data are available to verify that they are indeed lower  
concern) to provide signals of the types of preferable chemicals for particular functions.
• Voluntary versus mandatory actions. there are pros and cons to voluntary versus regula-
tory actions at the decision-making stage on chemicals. mandatory actions tend to level 
the playing field (apply broadly to a range of actors), set clear requirements, and have the 
force of law behind them (objectives and enforcements). to date, mandatory requirements 
on chemicals have generally been focused on single chemicals. however, they can be 
confrontational and become tied up in litigation. voluntary initiative, on the other hand, 
can be more flexible in nature, have more aggressive goals, and address a broader range 
of materials in a more rapid manner. however, they can suffer from the “free rider” syn-
drome of those not wanting to participate voluntarily and lack of follow through. hansen 
and tickner29 have noted a series of considerations when designing voluntary initiatives, 
including:  1) incentives to participate for various stakeholders — and disincentives to 
non-participation; 2) agency guidance and technical assistance; 3) signed commitments 
and periodical reporting; 4) measures to ensure quality of information; 5) transparency  
in design, reporting, and evaluation; and 6) links to regulation if voluntary efforts do not 
achieve their goals. a hybrid is the idea of a consent agreement where industry and gov-
ernment (and other stakeholders) negotiate performance targets and deadlines in a bind-
ing manner. in all cases, agencies have substantial discretion to issue clear statements  
and recommendations and in permitting to send strong signals in a voluntary program. 
 
When a mandatory versus voluntary initiative makes sense depends on the particular  
issue. the key considerations seem to be:  1) speed of implementation and action;  
2) resources for implementation/enforcement; 3) scope of sectors or chemicals to be tar-
geted; 4) ability to engage industry effectively with possibility for success and limited free 
riders; and 5) ability to support those firms most committed to safer chemicals and materials 
while bringing along laggards. many firms welcome mandatory requirements, particularly 
if they are the producer of the alternative, as they will enhance their ability to market a 
safer product. if the goal is to phase out a chemical used in multiple sectors, a mandatory 
approach would make more sense, ensuring broad application. if a chemical is only pro-
duced by a small number of manufacturers (and is the only source of that substance) a 
voluntary consent agreement, as was the case for the pentaBde may make more sense, 
given the speed of implementation. if the goal is to institute more rapid decisions, inter-
nalizing thinking about safer chemicals in a broad range of firms, a challenge type program, 
mandating some kind of planning/prioritization process but allowing ultimate decision-
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making to the firm, may make the most sense. the process of requiring firms to rapidly 
evaluate chemical hazards and alternatives may be sufficient to stimulate implemen- 
tation of safer alternatives.
the process of screening, assessment/prioritization, and decision-making is not a linear or  
always clear process. in this module, we have laid out several overlapping options with the goal 
of expediting decisions on a wider range of chemicals at a state level. clearly, the options out-
lined extend across screening, assessment and decision-making but it is important to focus on 
the overall goal of facilitating the process of characterizing chemical hazards/risks and actions 
to reduce the use, exposure to, or substitute for chemicals of concern. in general, processes 
which provide strong signals to industry of chemicals deemed of higher concern to the state, 
coupled with procurement guidelines, technical assistance programs and other pollution pre-
vention type efforts, seem to be the least expensive and quickest way to facilitate actions at  
the state level. detailed registration, risk assessment, and authorization type programs may  
not make much sense at the state level given the extensive economic and technical resources 
needed. they generally make more sense at a federal level. however, some regional type initia-
tives where resources are combined between states, such as a regional model of the canadian 
dsl categorization approach may make sense. given the number of chemical categorization 
and prioritization processes that have taken place in the u.s. and beyond, states could utilize 
the work of other locations and pull them into a single interstate clearinghouse, thus obviating 
the need for undertaking their own processes. however, undertaking state-based processes 
with the involvement of multiple societal stakeholders may provide a greater ability to  
effect change.
C O n C L u s I O n
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appendix: dutch Quick scan model
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module 4:  policy options for chemical substitution and alternatives assessment
chemicals of high concern to human health and the environment often remain on the market 
and in use, despite the availability of alternatives. performance, cost, availability, technology 
lock-in, and lack of information on alternatives in combination with aggressive market defense 
by manufacturers keeps toxic chemicals on the market even when safer alternatives are in use, 
perform comparably, and are cost competitive. in addition, government incentives are limited 
for researching, developing, and adopting safer alternatives. the challenges policy-makers  
confront are how to enhance the capacity and will of chemical producers to manufacture,  
and chemical users to adopt, safer alternatives.1
the goal of chemical policy reform should be to move the economy away from chemicals that 
are harmful to human health and the environment to chemicals that are safe and healthy. sweden, 
for example, has set a goal of achieving a non-toxic environment by 2020: “the environment 
must be free from manmade or extracted compounds and metals that represent a threat to  
human health or biological diversity. this objective is intended to be achieved within one  
generation.”2 
shifting the economy away from toxic to safer chemicals requires substtuton: 
“the replacement or reduction of hazardous substances in products and processes by less hazardous 
or non-hazardous substances, or by achieving an equivalent functionality via technological or 
organisational measures.”3 Without substitution of safer alternatives, toxic chemicals will continue 
to be manufactured, used, and disposed of resulting in adverse effects to humans and the envi-
ronment. thus, policies are needed to increase the supply and demand for safer substitutes. 
m o d u l e  4
policy options for chemical substitution  
and alternatives assessment: defining  
environmentally preferable solutions
What s substtuton n chemcals regulatory polcy and how 
can states find the best alternatves for hazardous or rsky 
substances used n producton and commerce?
n  MarK rossi
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“substitution” is a broad term, encompassing changes in materials, products, production pro-
cesses, and design (for example, design out the need for a chemical, such as a flame retardant, 
in a product), as well as changes in chemicals. thus implementing substitution may result in the 
use of a different chemical (a chemical-to-chemical substitution) or it may result in the use of  
a different material or product that eliminates the need for the chemical in the first place  
(a chemical-to-material or chemical-to-product substitution).
how businesses implement substitution varies depending on their stage in the lifecycle of a toxic 
chemical. for chemical manufacturers, substitution entails creating research and development 
processes that foster the production of inherently safer chemicals. the 12 principles of green 
chemistry provide a guide to manufacturers on how to design safer chemicals, including:
• principle #2: “design chemical products to be fully effective, yet have little or no toxicity.”
• principle #4: “use renewable feedstocks.”
• principle #5: “use catalysts, not stoichiometric reagents.”
• principle #8: “use safer solvents and reaction conditions.”
• principle #10: “design chemical products to break down to innocuous substances after use.”4
for intermediate users (such as plastic compounders who mix additives into plastics) and manu-
facturers of final products, substitution entails changing products and production processes to 
avoid the use of toxic chemicals. and for buyers of products, substitution entails changing pur-
chasing specifications to avoid toxic chemicals and prefer safer chemicals, materials, and products. 
the process by which manufacturers and chemical users decide how to select an appropriate 
substitute to a hazardous chemical is an example of alternatves assessment: a method for 
evaluating and identifying an environmentally preferable substitute(s).5 alternatives assessments 
for chemical manufacturers involve: 1) creating new chemicals and production processes based 
upon the principles of green chemistry, 2) evaluating the hazards of the new chemicals across 
their lifecycles, and 3) working with end users to meet their technical performance needs.
research on chemical users and institutional purchasers (for example, hospitals or governments) 
reveals the process, the steps, they are taking to implement substitution.6 Businesses that use or 
purchase products that contain toxic chemicals implement substitution through a set of data 
gathering, analytic, and action steps: 
1. identify all the chemicals used in the manufacture of the product, including the material 
chemistry7 of the product.
2. evaluate the hazards of those chemicals.
3. classify the chemicals into levels of concern (for example, high, moderate, or low concern).
4. identify alternatives to chemicals of high concern.
5. Work with suppliers to provide preferred alternatives.
6. evaluate, compare, and prioritize alternatives.
7. select preferred alternative–substitution.
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module 4:  policy options for chemical substitution and alternatives assessment
this module uses alternatives assessment to frame policy options for promoting and requiring 
safer substitutes. the section called policy options for chemical substitution and alternatives 
assessment identifies policy options for addressing each step in the alternatives assessment 
process for chemical users (which overlaps with the assessment process for chemical manufacturers), 
with particular attention paid to policies that achieve multiple steps in alternatives assessment. 
the following section addresses the challenging question, “what is a safer alternative?” and  
the last section summarizes the effects of policy options, including costs and outcomes.
if the goal of chemical policy reform is to use chemicals that are healthy for humans and the 
environment, if substitution is the means for achieving this goal, then policies are needed that 
encourage, support, and in some cases, require substitution. governments advance the practice 
of substitution in business by adopting and implementing policies that support each step in the 
alternatives assessment process. success in substitution will require a package of policy initiatives 
that provide information, create incentives for safer alternatives and disincentives for using/
producing chemicals of high concern, and require action.
table 1 (following) lists the policy options (in the first column) that support steps in the alternatives 
assessment process. the first set of policies, “chemical use information,” requires companies to 
provide data on the hazards posed by chemicals and products and involve creating databases 
of products that contain hazardous chemicals. the second set, “chemical hazard data and classifi-
cation,” involves the collection, evaluation, and dissemination of chemical hazard data by govern-
ment agencies. the third set, “supply-side options,” creates incentives, information, and technologies 
that support the generation of environmentally preferable chemicals. the fourth set, “selection 
policies,” involves government either purchasing or promoting the purchase of environmentally 
preferable products. and the fifth set, “multi-attribute options,” is policy options that address 
multiple steps in alternatives assessment. each of these sets of policy options is examined  
below in more detail. 
Chemical Use Policies 
at the entry level to alternatives assessment is ascertaining which chemicals are in or used to 
manufacture a product. a few product manufacturers, including herman miller and interface 
fabrics, require their suppliers to disclose the chemical constituents of all the materials used to 
manufacture a product. yet, tracking down chemical constituent information for most manufac-
turers remains a challenge, as these comments from tom cooper of Kaiser permanente’s strategy, 
planning, and design team illustrate: “‘obtaining information about the chemicals in products  
is very difficult,’ cooper said. ‘passing legislation that would require companies to disclose the 
chemicals in their products to end users and to consumers would be helpful,’ he said.”8
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module 4:  policy options for chemical substitution and alternatives assessment
governments facilitate the availability of information on the chemical constituents in products by:
• requiring ingredient disclosure,
• creating databases on chemical uses, and 
• requiring warning labels for products that contain chemicals of high concern.
Chemcal ngredent dsclosure refers to the listing of chemicals — ideally by cas registry 
number (casrn) — on a product, including the chemistry make-up of materials in the product 
such as additives in plastic materials. to date, manufacturers of most products are not required 
by government to provide such data. 
chemical manufacturers and importers are required by the occupational safety and health  
administration (osha) to provide material safety data sheets (msdss) when they sell hazardous 
chemicals to distributors and employers. for chemical mixtures, the msds must include:
the chemical and common name(s) of all ingredients which have been determined to be 
health hazards, and which comprise less than 1% (0.1% for carcinogens) of the mixture, if 
there is evidence that the ingredient(s) could be released from the mixture in concentrations 
which would exceed an established osha permissible exposure limit or acgih [american 
conference of governmental industrial hygienists] threshold limit value, or could present  
a health risk to employees.9
But msdss are notorious for problems related to accuracy, consistency, and comprehensiveness.10 
Chemcal use databases. given the lack of publicly available data on chemical uses, governments 
are creating databases for certain chemicals of high concern. for example, the northeast Waste 
management officials’ association (neWmoa) has created, in collaboration with states across 
the country, the interstate mercury education and reduction clearinghouse (imerc) mercury-
added products database to provide information on the amount and purpose of mercury in 
consumer products.11
Warnng labels on products that identify specific chemicals is another route to providing limited 
information on the chemical content of products. under proposition 65 (prop 65) in california, 
manufacturers are required to provide warnings on products that contain prop 65 chemicals 
that can result in exposures of concern to human health. however, the warnings are not required 
to identify the chemical of concern. (rachel massey in module 2 provides further details on  
how manufacturers can identify the chemical constituents of products).
the most comprehensive policy option for fulfilling the need for information on the chemical 
ingredients in products is requiring product manufacturers to disclose the chemical ingredients 
in products (similar to the requirements for processed food). the more plausible policy option is 
the approach taken by the states in imerc on mercury, to create a database of end uses for chemicals 
of high concern, such as persistent, bioaccumulative toxics (pBts).
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Chemical Hazard Data and Classification Options
after identifying the chemical constituents of products, the next steps in alternatives assessment 
are to evaluate the hazards of the chemicals and to classify them to levels of concern. governments 
assist companies in evaluating the hazards and potential exposures (including risks) posed by 
chemicals by:
• evaluating the chemicals themselves,
• creating tools for assessing chemical hazards and exposure, and
• requiring (or working in voluntary collaboration with) businesses to provide hazard  
and exposure data.
governments have evaluated n detal the rsks posed by a relatvely small number of 
chemcals. the european union’s chemicals Bureau, for example, lists only 75 risk assessment 
reports on its web page.12 however, as richard denison details in module 1, ntatves are un-
derway to gather more data on chemcal hazards. the european union (eu) now will require 
businesses to provide hazard and exposure data on chemicals sold in the eu. and in the u.s., 
the environmental protection agency’s (epa) high production volume (hpv) program works 
voluntarily with manufacturers to collect chemical screening data.
governments also are creating tools and resources to assist businesses in assessing chemical 
hazards and exposure (see tickner, module 3; geiser and mcpherson, module 5). for example, the 
u.s. epa design for environment (dfe) program has assessed the hazards alternatives to pentabro-
modiphenyl ether (pentaBde) used in low-density foam pose to human and environmental health.13 
using some toxicity screening tools requires knowledge of chemistry and toxicology. thus, 
these tools for screening chemical hazards and exposures are not readily accessible to many 
businesses, especially purchasers. 
an important role for government is to use the data on chemical hazard and exposure and classfy 
chemcals nto levels of concern–for example, levels of high, moderate, low, and unknown concern. 
the greatest activity to date has been in identifying small numbers of high concern chemicals, 
for example those that are persistent, bioaccumulative, and toxic. the recently proposed act for 
a healthy massachusetts: safer alternatives to toxic chemicals includes a section that requires 
the state’s toxics use reduction institute (turi) to publish a “preliminary chemicals categoriza-
tion list” that classifies chemicals used in the state into one of four categories: chemicals of high 
concern, chemicals of concern, chemicals of unknown concern, and chemicals of low concern.
Knowledge of the hazards and risks posed by chemicals is essential for chemical users and 
product purchasers when assessing the environmental preferability of products.
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Supply-Side Policy Options (and Other Initiatives to Identify Alternatives)
once chemicals of high concern are identified as targets for substitution, the next step in the 
alternatives assessment process is to identify potential alternatives. governments support the 
identification of alternatives to chemicals of high concern by:
• enacting policies that support the development of alternatives–supply side policies,
• performing alternatives assessments, and
• creating lists of alternatives.
in their module, Ken geiser and alexandra mcpherson (see module 5, geiser and mcpherson) detail 
the supply side policies governments can use to nurture the development of safer alternatives. 
these policies include research and development (r&d) support, technical and financial assistance, 
tax credits for environmentally preferable alternatives, and taxes and fees that create disincentives 
for the use of chemicals of high concern. 
an example of taxes or fees on toxic chemicals is the omnibus Budget reconciliation act of 1989, 
which levied an excise tax on ozone depleting chemicals. another example is the recommendation 
by the international Joint commission (iJc) to tax chlorine and the chlorinated plastic polyvinyl 
chloride (pvc) to facilitate the virtual elimination of chlorinated dioxins in the great lakes region 
and catalyze the development of safer substitutes.14 this recommendation, however, was not 
acted upon. a third example of taxes or fees is the 1996 decision by denmark to shift revenue 
by reducing taxes on wages and increasing by the same amount a tax on carbon emissions, 
pesticide use, and chlorinated solvent use. such “tax shifts” or “ecological tax reform” could be 
used to tax the halogen producers while subsidizing green chemical producers with this income.15 
identifying lists of alternatives usually occurs as part of a more comprehensive alternatives  
assessment, such as the u.s. epa’s assessment of alternatives to pentaBde (noted above) and 
turi’s Five Chemicals Alternatives Assessment Study. these approaches are discussed in more  
detail below. that said, government programs could develop lists of alternatives to chemicals  
of high concern, similar to the cleangredients™ online database of environmentally preferable 
institutional and industrial cleaning ingredients.16
Alternatives Selection Policies 
eco-labels and government procurement are two policy options where government becomes 
involved in product selection. eco-labels define the environmental performance specifications a 
product must meet to receive the label. government ecolabel programs include the energy star 
(u.s.), Blue angel (germany), flower (european union), environmental choice program (canada), 
nordic swan (nordic countries), and ecomark (Japan).
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in the context of chemicals, eco-labels can specify:
• preferred attributes of chemicals used in the product (such as readily biodegradable), 
• negative attributes to be avoided, either in product or as emissions, or 
• specify the avoidance of specific chemicals (for example, mercury, lead, or polybrominated 
diphenyl ethers).
eco-labels have many advantages. they are voluntary: businesses choose whether or not to design 
products to receive the label and whether to purchase products with the label. they can focus 
on the positive attributes of chemicals — low persistence, low toxicity, and readily biodegradable. 
they can encompass a range of environmental attributes, including energy and water consumption, 
use of renewable resources, as well as chemical hazards. and they raise consumer awareness.
in an assessment of business engagement in european ecolabel programs, Wurzel, et al. (2003) 
concluded that:
“the degree to which business finds eco-label schemes attractive depends most of all on 
the level of public environmental awareness in general and consumer awareness of the 
eco-label in particular. however, whether businesses apply for the eco-label or not often 
also depends on whether competitors make use of the eco-label for functionally equiva-
lent products. In general producers and servce provders are more drven by fears 
about a loss n market shares rather than the hope of ncreasng ther market share 
due to an eco-label award. once a critical mass of businesses has successfully applied for 
an eco-label within a certain market segment the remaining companies find themselves 
under considerable market pressure also to seek the label for their competing product(s). 
market dynamics therefore explain why the eco-label has a very high uptake in certain 
market segments but fails to penetrate other market segments.17 “
government procurement uses the purchasing power of government institutions to drive product 
change. the federal government purchases more than $200 billion worth of goods and services 
each year, with state and local governments purchasing more than $1 trillion worth of goods 
and services each year.18 like eco-labels, government procurement involves the incorporation 
of environmentally preferable product (epp) specifications into contracts. in massachusetts, epp 
purchases by state agencies totaled $92.5 million in 2001. a notable success of the massachusetts 
program has been the virtual elimination of mercury-containing products from statewide contracts.”19
epp purchasing is a relatively low cost activity for government and business. in fact, the state  
of massachusetts estimates that its epp program saves money through the purchase of energy 
efficient office equipment and remanufactured toner cartridges.19  typically government epp 
programs do not generate innovations, but rather generate the diffusion of existing technology 
because acceptable bids usually require a minimum of at least two bidders.
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Multi-Attribute Options–Policies that Support Multiple Steps  
in an Alternatives Assessment
a handful of policy options support many of the steps in an alternatives assessment:
• government-sponsored alternative assessments,
• technical assistance programs,
• substitution plans by business, and
• government required action–chemical restrictions or substitution.
as shown in table 1, all of these policy options can support steps 1–6 in an alternatives assessment. 
substitution plans, substitution requirements, and chemical restrictions support step 7 as well, 
leading to the selection and use of an alternative.
government-sponsored alternatves assessments: government agencies like the u.s. epa and 
public institutions like the massachusetts toxics use reduction institute (turi) perform alternative 
assessments of chemicals to inform policy-makers and businesses on the availability of safer 
alternatives. Both the epa’s design for environment program and turi have completed detailed 
alternatives assessments to chemicals of high concern. 
the scope of alternative assessments to toxic chemicals includes at a minimum the hazards of 
the alternatives and may extend to include evaluations of exposure as well as the economic and 
technical performance of the alternatives. dfe’s assessment of alternatives to pentaBde in low-
density polyurethane foam focused on the hazards and exposure profiles of alternative flame 
retardants. turi’s Five Chemicals Alternatives Assessment Study included identifying chemical uses, 
hazards, and alternatives; evaluating and comparing alternatives; and identifying potentially 
safer alternatives. in evaluating the alternatives, turi included technical, environmental, and 
economic performance measures. 
alternatives assessments have the advantage of providing detailed data on the availability of 
alternatives. however, like risk assessments, they can be time- and resource-intensive (though 
not as resource-intensive as a typical risk assessment), which means that governments will be 
limited to the number they can complete. for businesses that manufacture or use chemicals 
that are the subject of a government alternative assessment, the costs are typically low, with 
modest investments in providing technical data to the government researchers. 
public involvement in alternatives assessment is typically limited to advocacy groups with expertise 
on the chemical(s) being discussed. the general public, which wants safer alternatives — as illustrated 
by growing demand for safer products such as organic foods — is not engaged in the nuances 
of debating hazards, exposures, costs, and technical performance of alternatives. 
government-completed alternatives assessments on their own, not in combination with other 
government action, are weak instruments for effecting technology change. the mere presence 
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of information — without other government action, including outreach and direct technical 
assistance to end users, labeling requirements, or substitution requirements — is unlikely to 
generate action. for example, the swedish national chemicals inspectorate, in an assessment 
of environmental change in the information and communication technology (ict) sector,  
concluded: 
“What has become evident through the investigation of product environmental information 
flow and the linkage to product environmental improvements is that, although information 
is important for product improvement, it is not the driver for the change. from the  
finding in this report, it would appear that it is the key legislative, policy (Weee, rohs, ipp, 
eee, etc.) and market driver (public & corporate purchasing) that are influencing product 
design, end-of-life management and subsequently driving environmental improvement in 
the ict sector.20 ”
thus, alternative assessments must be linked to other government initiatives to produce  
technology change. 
legislative requirements that governments perform alternative assessments to toxic chemicals 
are often linked to chemical restrictions or substitution policies. examples include: restriction 
of hazardous substances directive (rohs–european union); clean air act amendments of 
1990–title vi; the proposed massachusetts act for a healthy massachusetts: safer alternatives 
to toxic chemicals; and registration, evaluation and authorization of chemicals (reach– 
european union).
under the Restrcton of hazardous substances (Rohs) n Electrcal and Electronc Equpment 
(2002) Drectve exemptions to chemical restrictions are only allowed “if substitution is not 
possible from the scientific and technical point of view or if the negative environmental or health 
impacts caused by substitution are likely to outweigh the human and environmental benefits of 
the substitution.” this implies that a substitution assessment must be performed when a business 
applies for an exemption and alternatives are available. however, there have been glitches in the 
implementation of the substitution assessment part of the rohs directive, as exemplified by the 
decabromodiphenyl ether (decaBde) exemption–which the eu granted despite not performing 
a substitution assessment.
under the Clean ar act amendments (Caaa) of 0, Ttle VI–stratospherc Ozone Protecton 
(which phased out the use of many ozone depleting substances), the u.s. epa is responsible for 
identifying safe alternatives and assessing the hazards of alternatives, but is not required to perform 
economic assessments. section 612 of title vi establishes a “safer alternatives policy,” defined as:
a)  Polcy. to the maximum extent practicable, class i and class ii substances shall be re-
placed by chemicals, product substitutes, or alternative manufacturing processes that re-
duce overall risks to human health and the environment.
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title vi delegates to the epa responsibility for reducing overall risks to human health and the 
environment: 
b) alternatves for Class I or II substances. Within 2 years after enactment of the clean  
air act amendments of 1990 the administrator shall promulgate rules under this section 
providing that it shall be unlawful to replace any class i or class ii substance with any  
substitute substance which the administrator determines may present adverse effects to 
human health or the environment, where the administrator has identified an alternative 
to such replacement that:
 1) reduces the overall hazards to human health and the environment; and 
 2) is currently or potentially available.
 
in practice, the epa identified alternatives to uses of ozone depleting tocix chemicals including 
solvents and evaluated their economic, technical, and environmental performance. in terms of 
environmental performance, the epa focused on whether or not the alternatives were ozone 
depleting substances. thus, “safer” came to be defined as not an ozone depleting substance. 
the proposed act for a healthy massachusetts requires the substitution of priority toxic 
chemical uses when safer alternatives are available. the draft bill delegates assessment respon-
sibilities to massachusetts’ turi, which would be responsible for 1) working with the state’s science 
advisory board for toxics use reduction to determine criteria for what is safer and 2) evaluating 
the availability of safer alternatives (including the costs of the alternatives and their technical 
availability). after turi completes a safer alternatives assessment for a chemical, the state’s ex-
ecutive office of environmental affairs would be responsible for developing a chemical action 
plan that requires users of the chemical “to act as expeditiously as possible to ensure substitution 
of the priority toxic substance with a safer alternative, while acting to minimize job loss and miti-
gate any other potential unintended negative impacts.” the state’s department of environmental 
protection would be responsible for developing regulations for implementing the legislation.
in europe, the new REaCh legislation creates a new organization, the european chemicals agency, 
to implement the law as well as two new committees that consist of representatives from member 
states. the committee for risk assessment is responsible for assessing the “risk to human health 
and/or the environment arising from the use(s) of the substance [of concern], including the appro-
priateness and effectiveness of the risk management measures as described in the application 
and, if relevant, an assessment of the risks arising from possible alternatives” (article 64). and 
the committee for socio-economic analysis is responsible for assessing the “socio-economic 
factors and the availability, suitability and technical feasibility of alternatives” to chemicals of 
concern (article 64). 
table 2 lists the alternatives assessment requirements of rohs, caaa–title vi, act for a healthy 
massachusetts (proposed), and reach. the requirements range from the minimalist title vi — 
which only requires an assessment of hazards (is the alternative not an ozone depleting substance) 
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and technical performance (availability of technically equivalent alternatives) — to reach — 
which requires risk assessments (hazard and exposure), economics, and technical performance.* 
The requirements of an alternatives assessment — hazard, exposure, quantitative risk assess-
ment, economic analysis, and/or technical performance — matter: the broader the scope of 
an alternatives assessment, the greater the demands on government resources and the greater 
the potential opportunities for laggard businesses to delay change. for example, section 6  
of the toxic substances control act requires that epa evaluate policy options for each use of a 
chemical and select the “least burdensome regulation” when reducing the risks associated with 
that chemical. this creates a situation where it is challenging, if not impossible, for epa to argue 
that availability of a safer, feasible alternative is sufficient rationale for strong restrictions on a 
chemical.
the straightforward approach to defining an alternative to a toxic chemical as safer is: the alter-
native does not pose the same type of hazards that led to the restriction of the toxic chemical in 
the first place. for example, a safer alternative to an ozone depleting substance is one that does 
not deplete the ozone layer. this is a more straightforward regulatory option than requiring that 
an alternative pose no significant adverse effects to human health or the environment. requiring 
the latter will create greater delays in regulatory action as opponents of change highlight every 
single hazardous property associated with alternatives. the downside to a limited definition of 
“safer” is that chemicals with some adverse effects may be used as safer substitutes.
Techncal assstance: 
“Technical assistance helps entities to make better environmental choices by clarifying the con-
sequences of their actions and what techniques or equipment reduce those consequences. Technical 
* the massachusetts bill does not require a quantitative risk assessment, but rather a qualitative  
assessment of hazards and exposures.
taBle 2  scope of alternatves assessments Requred n Legslaton
assessments Rohs Caaa–Ttle VI
ma–ahm 
(proposed) REaCh
hazard x
x  
(not an ozone 
depleting substance)
x x
Exposure x x x
Rsk x
Economc x x
Techncal Performance x x x x
explanations: “x” = assessment requirement of the legislation; blank cell = not required by the legislation.
abbreviations: ahm = act for a healthy massachusetts; caaa = clean air act amendments of 1990; ma = 
massachusetts; reach = registration, evaluation and authorisation of chemicals; rohs = restriction of 
hazardous substances
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assistance also may be focused on educating the general public about the environmental  
implications of existing and proposed programs and policies.” — u.s. congress, office of  
technology assessment (1995)21
“drop in” chemical substitutes often do not exist and require changes in processes or manufacturing 
methods. such changes may present a hindrance to substitution, particularly for small- and medium-
sized companies which cannot risk a technology failure. technical assistance programs can be 
effective means for transferring information about chemical hazards, exposure, and risks; analytic 
methods and tools; and technology availability, costs, and performance to businesses. direct, 
on-site technical assistance provides small numbers of businesses with in-depth knowledge about 
pollution prevention techniques, while conferences, trainings, seminars, and business-to-business 
mentor/demonstration programs diffuse information to the broader business community. in massa-
chusetts, the combination of technical assistance, toxics use reduction (tur) plans, reporting 
requirements, and use fees of tura combined to reduce toxic byproduct generation by 30  
percent and toxic chemical use by 20 percent between 1990 and 1995.22
the turi surface solutions laboratory, which tests and evaluates the effectiveness of safer cleaning 
chemicals and related equipment, is an example of an innovative technical assistance project 
that provides direct research support to small businesses.23 the turi lab facilitates technology 
transfer of safer and effective cleaning methods, servicing firms without the technical capacity 
to perform such research in-house. turi estimates that the work of the laboratory has resulted 
in decreased consumption of organochlorinated solvents by over 100,000 pounds.24
technical assistance programs, relative to other environmental regulatory programs, involve 
moderate costs. funding for the massachusetts tur program, for example, has averaged approxi-
mately $5 million per year. for businesses, the costs of technical assistance programs are typically 
low. some programs are paid for by taxpayers, while other programs are funded by dedicated 
fees on producers and uses of toxic chemicals. in massachusetts, for example, the tura program 
is funded by fees on large-quantity users of toxic chemicals, with fees pro-rated by the size  
of the business. 
public participation in technical assistance programs will vary depending on the policy and its 
implementation. turi, for example, has a community outreach program, that provides grants to 
non-profit organizations and municipalities; education, training, and outreach on tur; and resources 
to assist communities and individuals for implementing tur.25
the technology change that occurs from technical assistance programs is likely to be of moderate 
impact. technical assistance programs are likely to affect those businesses that have the willingness 
to change but limited capacity. firms that are reluctant to change, the environmental laggards, 
will not be moved to change by technical assistance programs.
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substtuton and TuR Plans: tur or pollution prevention (p2) plans are tools for companies  
to identify ways to reduce the use of toxic chemicals. in some states, such plans are required for 
businesses under law. under the massachusetts tura, tur is defined as encompassing six different 
tur techniques: substitution, product redesign, production process redesign, production process 
modernization, improved operations and maintenance, and in-plant recycling. under tura, 
“substitution” is defined as chemical-to-chemical substitution. since tura passed in 1989, the 
definition of substitution has grown to encompass any technique — be it product redesign, 
production process change, as well as chemical-to-chemical replacement — that leads to the 
elimination of the use of a chemical. for the purposes here, substitution plans focus on eliminating 
chemical use while tur plans focus on reducing chemical use (with substitution one option among 
others). indeed, it may be possible to significantly reduce the use of a chemical or even eliminate 
it through a production process design change. in some cases, where a substance is the basis  
of the product (for example metal plating using copper), substitution may not be an option.
an innovative feature of the tura law is the requirement that a company’s tur plan must  
be certified by an independent third party, known as tur planners. this means that the plan a 
business submits to the state must meet a minimum level of content as required by regulation 
and of quality as certified by the planner. the tur planners have become champions for the 
implementation of tura.26 
substitution or tur plans completed by businesses avoid the resource constraints of government-
completed alternatives assessments. the best model of alternatives or substitution assessment 
planning is under the tura, where large-quantity manufacturers and users of toxic chemicals are 
required to develop plans for reducing chemical use. only summaries of the plans are submitted 
to the regulatory agencies though the full plans are accessible to them. 
substitution planning is now part of the recently passed european reach legislation. reach 
requires all manufacturers, importers, and downstream users applying for an authorization to 
“analyse the availability of alternatives and consider their risks, and the technical and economic 
feasibility of substitution” (article 55). all firms producing, importing, or using a carcinogen, mutagen, 
reproductive toxicant, persistent, bioaccumulative and toxic chemical (pBt), or very persistent 
(vp) and very bioaccumulative (vB) chemical, and requesting an authorization for continued use 
will be required to complete a substitution plan.27 the stated aim of all authorized chemicals is 
to “ensure that these substances are progressively replaced by suitable alternative substances  
or technologies where these are economically and technically viable.”28 
chemicals which are pBt or vpvB may only be granted a use authorization if it is shown that the 
socio-economic benefits outweigh the risk to human health or the environment and if there are 
no suitable alternative substances or technologies (see article 59(4) of reach). as part of the 
process of reviewing authorization requests, interested third parties may submit “information 
on alternatives substances or technologies” (see article 63(2) of reach). the time limit of on-
going use of a chemical will be decided on a case-by-case basis and the commission can  
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call for a review of the use authorization if new information, such as on suitable alternatives, 
becomes available (see article 60 of reach). 
government resources for substitution/tur planning are relatively low, with the work including 
the writing of regulations, educating businesses on compliance, enforcement, and providing public 
access to non-confidential data. public participation in tur planning in massachusetts has been 
minimal, with representatives from ngos participating in the initial framing discussions on tur 
planning requirements. tur planning, as noted in the preceding section on technical assistance, 
has been a key component in the success of the massachusetts toxics use reduction program.
Chemcal Restrcton and substtuton: 
• chemical restriction policies prohibit the manufacture, use(s), and/or distribution  
of a chemical or chemicals. 
• chemical substitution policies require the replacement of hazardous chemicals with  
safer alternatives. 
chemical restriction and chemical substitution policies trigger the assessment, development, and 
use of alternatives to toxic chemicals. as such, they are powerful policy options for transforming 
the toxic chemical economy. given their effectiveness in changing chemical use when success-
fully implemented, this section examines the differences and similarities between restriction 
and substitution policies, the scope of chemical restriction policies, how governments regulate 
industrial chemicals differently from other chemicals, and the core components of restriction 
and substitution policies.
On substtuton and restrcton polces. in their pure forms — in theory rather than practice 
— substitution policies explicitly link chemical displacement to an evaluation of the alternatives 
whereas restriction policies do not address the availability and risks associated with the alterna-
tives. substitution policies through substitution planning requirements (under substitution and 
tur plans above and see also the section under government-sponsored alternatives assessment) 
bring the alternatives assessments of businesses into public light. Whereas under chemical restriction 
policies the assessment of alternatives occurs within the firm and the assessment process used, 
evaluation criteria considered, and alternatives evaluated and selected occur without any guidance 
from government or public accountability. the result may be the selection of an equally hazardous 
chemical (not subject to restrictions) or a chemical of high concern for another hazard endpoint 
(such as acute toxicity). 
in practice, chemical restriction policies are more nuanced. While the process and criteria for 
selecting alternatives occurs largely outside the public sphere of chemical restriction policy, the 
availability of technically equivalent alternatives is invariably addressed through exemptions 
and the implementation process to ensure that chemical uses critical for public health, safety, 
or security are not removed from the market. additionally many chemical restriction policies 
include provisions to evaluate the hazards of alternatives. 
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an alternative approach to restrictions (do not use) and substitutions (replace with safer alternative) 
is “authorizations.” an authorization is a right to use a chemical. under authorizations chemical 
producers and/or users are not allowed to use a chemical until they apply for the right to use 
the chemical and their application is approved by a regulatory agency.
The scope of chemcal restrctons ranges from narrow use restrictions to broad integrated 
chemical policy laws that empower regulatory authorities to evaluate and restrict a range of toxic 
chemicals (for example, reach). chemical use restrictions — policies that ban select uses of a 
chemical while allowing other uses to continue — are the most common types of restrictions 
and include:
• mercury products legislation (adopted to various degrees in more than 20 states);
• toxics in packaging legislation (enacted by 17 states);
• cosmetics directive (european union);
• restriction of hazardous substances (rohs) in electrical and electronic equipment  
directive (european union); and
• decaBde restrictions (maine, Washington state, and sweden).
examples of restrictions on the manufacture of all uses of a chemical or class of chemicals are much 
less common than “use restrictions” — only individual use(s) of a chemical are prohibited. a notable 
example of a chemical phase-out is title vi — stratospheric ozone protection of the clean air 
act amendments of 1990, which was written to prohibit the production and use of many ozone 
depleting substances. title vi states that it “shall be unlawful for any person to produce any amount 
of a class i substance” by 2002 (sec. 604 (b)) and requires the u.s. epa to phase out “production 
of class i substances” and to “insure that the consumption of class i substances in the united 
states is phased out and terminated” (sec. 604 (c)). reflecting the challenges of a complete 
phase-out of production and all uses of a chemical, title vi includes exemptions for “essential 
uses” (medical devices and aviation safety — sec. 604 (d)) and “national security” (sec. 604 (f )).
chemical restrictions and substitutions are effective in generating technology change. as nicholas 
ashford has found, stringent regulations (such as chemical restrictions and substitutions) are 
effective at generating technology innovations.29 confronted with the loss of a chemical, manu-
facturers and end users innovate to achieve the same function at a competitive price. chemical 
restrictions and substitutions, however, are costly to the manufacturers whose chemical is restricted 
or displaced through substitution and require significant government resources to implement. 
Because chemical manufacturers do not want to lose products to regulation, they intensely resist 
restrictions and substitutions of their products, causing the costs of government implementation 
to rise. 
governments regulate the producton, use, and dstrbuton of ndustral chemcals dfferently 
than pharmaceutcals, pestcdes, and cosmetcs. in the united states, for example:
• pesticides are regulated under the food, drug, and cosmetic act (including title iv— 
known as the food Quality protection act of 1996) and the federal insecticide, fungicide, 
and rodenticide act (fifra); 
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• cosmetics and pharmaceuticals are regulated under the food, drug, and cosmetic act; and
• industrial chemicals are regulated under tsca.
the different regulatory structures for the production, use, and distribution of chemicals relate 
to the function of the chemicals and our knowledge of exposure to these chemicals. pesticides 
are designed to be toxic and spread into the environment. pharmaceuticals are designed to affect 
biological functions of humans. cosmetics are applied directly to our bodies. thus, the laws for 
pesticides and pharmaceuticals (and cosmetics in europe, see below) have tended to be more 
stringent than for industrial chemicals. 
the use of cosmetics, like industrial chemicals, is weakly regulated in the u.s. as summarized  
in an article published by the food and drug administration (fda):
the regulatory requirements governing the sale of cosmetics are not as stringent as those 
that apply to other fda-regulated products. under the federal food, drug, and cosmetic 
(fd&c) act, cosmetics and their ingredients are not required to undergo approval before 
they are sold to the public. generally, fda regulates these products after they have been 
released to the marketplace. this means that manufacturers may use any ingredient or raw 
material, except for color additives and a few prohibited substances, to market a product 
without a government review or approval.30
it makes sense for state-level chemicals policies to integrate different product categories,  
particularly in the areas of alternatives assessment and chemical use data colletction.
the core components of chemcal restrcton and substtuton polces are:
• identifying target chemicals.
• assigning burden of proof.
• defining the basis for restriction or substitution.
The identification of target chemicals involves defining the criteria for identifying target chemicals 
and defining who is responsible for creating the list of chemicals. in chemical restriction and 
substitution policies, the target chemicals are either identified by legislators in the writing of 
the law and/or by regulatory agencies on the basis of a process outlined in the law. 
legislators often specify either the chemicals that should be targeted for restriction/substitution 
or the classes of chemicals to be targeted. for example:
• the european commission cosmetics directive of 2004 specifies classes of chemicals  
for restriction: category 1 or 2 carcinogens, mutagens, or reproductive toxicants shall not 
be used in cosmetic products. 
• title vi of the clean air act amendments of 1990 specifies that ozone depleting substances 
be phased-out with the schedule divided into class 1 and class 2 substances.
• the proposed act for a healthy massachusetts specifies ten chemicals that are targets  
for substitution.
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the classes of industrial chemicals governments have targeted for restriction are: 
• ozone depleting substances; 
• persistent and bioaccumulative and toxic to either aquatic organisms or humans (pBt); 
• very persistent and very bioaccumulative (vpvB); or
• toxic to humans:
– carcinogenic; 
– mutagenic (or genotoxic);
– reproductive or development toxicant;
– neurotoxicant; or
– endocrine disruptor.
reach, for example, identifies chemicals with these hazardous qualities (except ozone depleting 
substances and neurotoxicants) as priorities for authorization (see article 57). 
alternatively, legislators may delegate authority to a regulatory agency (or other government 
body) to identify target chemicals for restriction. for example, the proposed federal child, Worker 
and consumer safe chemicals act delegates authority to the u.s. epa to select 300 priority 
chemicals for restriction based upon a broad set of health parameters.
The burden of proof relates to who must demonstrate responsibility for showing that a chemical 
and its uses are harmful or safe; or alternatives are available, cost-competitive, and/or safer. too 
often with industrial chemicals, the burden of proof rests with government to show that a chemical 
and its uses cause harm or are unsafe. under the food Quality and protection act (fQpa), for 
example, it is the responsibility of the u.s. epa to set a “tolerance” for any pesticide residue in or 
on food. a “tolerance” is a safe level of exposure: “the term ‘safe’, with respect to a tolerance for a 
pesticide chemical residue, means that the administrator has determined that there is a reasonable 
certainty that no harm will result from aggregate exposure to the pesticide chemical reside” 
(sec. 408(b)(2)(a)(ii)). 
the reach legislation in the eu attempts to reverse part of the onus by requiring businesses to 
submit registrations for all existing chemicals (including demonstrating measures for safe use of 
the substance and “authorization” requests for the continued use of chemicals of high concern. 
the businesses must demonstrate that their chemicals are either “adequately controlled,” or that 
alternatives are not available or pose greater risks. But the eu is still responsible for confirming 
that chemicals of high concern are adequately controlled or, if not adequately controlled or if  
a pBt, that the socio-economic benefits outweigh the risks and availability of alternatives. thus, 
even in an authorization process, where business must apply to use a chemical, the burden of 
proof on government is still significant. 
substitution policies, like the proposed act for a healthy massachusetts, require significant govern-
ment research into the availability, costs, hazards, and exposures related to alternatives. the eu 
reach legislation has designed in greater responsibility for businesses by requiring the sub-
mission of substitution plans. 
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taBle 3  Chemcal assessment methods for Justfyng Regulatory acton 
assessment 
method Justficaton for acton advantage(s) Challenge(s)
hazard act f a chemcal s dentfied as a hazard 
of hgh concern. 
for example, if a chemical is determined to be 
a carcinogen, then restrict the chemical without 
assessing exposures and quantifying risks.
inherent properties of a chemical are 
sufficient for action. most effective means 
for reducing risk is to reduce hazard 
(rather than exposure). acting on haz-
ards is analogous to pollution preven-
tion: best method to reduce risks is to 
prevent rather than control pollution.
defining criteria for listing 
chemical as a hazard. for  
example, are adverse repro-
ductive effects at very high 
doses in animal studies rele-
vant for listing a chemical as  
a reproductive toxicant?
Rsk act f a chemcal use poses adverse effects 
above a defined level of acceptable rsk. 
Being identified as a carcinogen is not suffi-
cient for taking action, need to assess whether 
use of the carcinogen will result in risks above 
some threshold, such as greater than a  
cancer risk of 1 in 1 million.
Known and developed process for 
quantifying risks. used by u.s. epa and 
eu to regulate chemicals.
more time intensive and  
subject to greater number of 
assumptions and uncertainties 
than hazard assessment.
substtuton act f a safer alternatve s avalable. 
critical to substitution is defining what is 
safer. for example, a safer alternative is not 
a pBt, vpvB, cmr, or endpoint of equivalent 
concern.
promotes development, evaluation, 
and use of alternatives. used by busi-
nesses moving away from hazardous 
chemicals.
defining the criteria by which 
“safer” is defined. 
potential for paralysis by analy-
sis if all alternatives must go 
through risk assessment process.
The standard for action is how legislation defines the legal authority of government to act,  
in this case, to restrict, substitute, or authorize chemical use. examples include:
• tsca: chemical use(s) must pose “unreasonable risk” and the u.s. epa must apply  
the “least burdensome” regulation to reduce that risk. 
• reach has multiple standards for action:
– “authorization” — businesses must apply to use chemicals of high concern.
– “adequate control” — standard for approving authorization.
– “restriction” — separate process from authorization to prohibit chemical uses.
– alternatives assessment — business required to perform “an analysis of the alter- 
natives” and submit a “substitution plan.”
• fQpa: “determination of safety” as defined by “reasonable certainty that no harm will  
result from aggregate exposure.” 
• clean air act amendments of 1990 — title vi: “phase-out production and consumption” 
of ozone depleting substances.
• the proposed act for a healthy massachusetts: “safer alternatives.” if safer alternatives  
exist, as determined by turi, then the state is justified in taking action. 
standards for action in chemicals policy are founded upon different types of assessments: hazard, 
exposure, risk, and/or substitution assessments. Quantitative risk assessments (hazard and exposure) 
are at the heart of tsca, reach, and fQpa. hazard assessments are the basis of action for title vi of 
the clean air act amendments of 1990, cosmetics directive, and rohs directive. substitution 
assessment is the driving method behind action in the act for a healthy massachusetts. table 3 
lists each of these methods, describes their justification for regulatory action, and the advantages 
and challenges to implementation.
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an explicit aspect of the substitution principle and alternatives assessment is that it will lead to 
the selection of a safer alternative. however, in the field of hazardous chemicals management, the 
decision to remove a highly hazardous chemical due to either government or company policy 
often lacks an accompanying assessment of whether the alternative is indeed safer and for whom 
(for example, a substance that is safer for the environment may be a greater hazard to workers). 
this section identifies the substitution strategies available to businesses and begins the discus-
sion of how to define a safer alternative. 
When identifying and selecting alternatives to chemicals of high concern,* businesses can select 
from a handful of substitution strategies. table 4 defines six substitution strategies commonly 
employed by businesses when selecting alternatives: chemical substitution, mechanical/process 
substitution, material substitution, product redesign, system change, and discontinue activity.
D E F I n I n g  s a F E R  a L T E R n a T I V E s 
taBle 4  substtuton strateges: Defintons and Examples
substtuton 
strategy Definton Example
. Chemcal 
substtuton
select alternative chemical. Chemical use: decaBde flame retardant in tvs. 
Chemical substitution: replace decaBde with a different chemical flame 
retardant, for example, resorcinol diphenylphosphate.
2. mechancal 
or Process 
substtuton
select mechanical solution. Chemical use: chlorine dioxide in wood pulping.
Mechanical substitution: replace the chemical pulping process  
(which uses chlorine dioxide) with a mechanical pulping process.
. materal 
substtuton
select a different material (that 
does not require the function of  
the chemical of high concern).
Chemical use: diethylhexyl phthalate (dehp) use as a plasticizer in polyvinyl 
chloride (pvc) intravenous bags
Material substitution: avoid dehp by selecting non-pvc plastics that do 
not require the addition of plasticizers and, thus do not contain dehp.
. Product 
Redesgn
change product design or select 
alternative product.
Chemical use: flame retardants in foam chair cushions.
Product redesign: redesign chair to eliminate the foam (the fuel source 
that must be flame retarded), thus eliminating the need for a flame retardant. 
5. system 
Change
change production or service 
system to eliminate the need for the 
product (containing the chemical  
of high concern).
Chemical use: pesticides, for example, atrazine.
System change: organic farming: change farming practices, including crop 
selection and rotation, to eliminate need for pesticides.
6. Dscontnue 
actvty
stop the activity that requires the 
use of a chemical of high concern.
Chemical use: incorporation of antimicrobial agents into textile products.
Discontinue activity: determine that the use of antimicrobial agents in 
textiles is unnecessary to product performance and stop using them.
* steps #4 and #7 in the alternatives assessment process: step #4 is identify alternatives to chemicals of high concern and step #7 is select preferred  
alternative. see section 1 for an overview of the alternatives assessment process.
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a challenge with most substitution strategies–excepting system change and discontinue activity 
— is determining whether the alternative selected is safer then the chemical of high concern.  
in substitution strategy #6, discontinue activity, the alternative is clearly safer: end the use of the 
chemical of high concern. however, for many situations, discontinue activity is not an option. in 
substitution strategy #5, system change, the opportunity for creating a safer alternative (to the 
chemical of high concern) is significant because it requires changing multiple elements of the 
product or service system. system change, as in the example of organic farming, requires changes 
to all elements of farming, creating the opportunity for optimizing environmental performance 
across the whole practice of farming.
for substitution strategies #1–#4, the challenge is defining and determining whether the alternative 
is safer and, very importantly, creating an analytic process that is reasonable to complete. it is 
beyond the scope of this module to define frameworks for specifying whether an alternative material 
or product is safer than the chemical of high concern. rather the approach here is to address  
a few of the challenges of substitution, including:
• definition of safer alternative;
• data availability and quality concerns; and
• trade-offs.
What a safer alternative is will depend on the definition of the term. for example, a “safer alter-
native” to a toxic chemical could be defined as:
a) a functionally equivalent option, including a substitute chemical or material, or a redesigned 
product or process, that could be manufactured or used in lieu of the chemical of high 
concern; and 
b) not being of high concern for:
i)  persistence and bioaccumulation and toxicity (pBts);
ii)  carcinogenicity;
iii)  mutagenicity; 
iv)  reproductive or developmental toxicity; 
v)  neurotoxicity; 
vi)  endocrine disruption; or
vii) equivalent concern; or
c) not being of:
i)   very high concern for persistence and high concern for toxicity (vpt);
ii)   very high concern for bioaccumulation and high concern for toxicity (vBt); or 
d) not having any breakdown products (metabolites or degradation products) or combustion 
byproducts that meet the issues of concern listed in (b) or (c). 
evaluating whether a chemical substitute is safer, based upon these criteria, is often limited by 
the lack of hazard data. thus, language would have to be developed to state what type and quality 
of data would be sufficient for stating, “at this time, the available data suggests that the alternative  
is safer.” for example, would structure activity relationship data be sufficient for making that 
determination (when laboratory data are missing)? 
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in addition, it must be acknowledged that the above definition of “safer alternative” is not com-
prehensive — it does not address every single environmental or human health issue. missing, 
for example, are other toxicological effects (for example, immune system effects or acute toxicity), 
water use, energy use, ergonomic concerns, and so forth. the limited scope of the definition of 
safer is done on purpose in order to a) help prioritize hazard endpoints of concern (resources 
are lacking to address every hazard endpoint at once) and b) create a framework that assists 
(rather than paralyzes) decision-making. 
the scope of the definition of safer alternative needs to be manageable, otherwise no decision 
will be made as every alternative has its down side. for this reason it is critical to recognize that 
a safer alternative is a dynamic rather than a static solution. this means that while an alternative 
may be safer by the above definition of “safer alternative,” it is very likely that the solution has other 
significant down sides, such as energy use or process changes that could result in ergonomic 
strain that will need to be improved upon over time. safer alternatives are context dependent, 
and as the analytic framework expands the “safer” alternatives will change. thus, the concept of 
continuous improvement needs to be integrally connected with safer alternatives. in this framing 
of safer alternatives as subject to continuous improvement over time, what some may deem as 
a trade-off in substitution — for example, toxics reduction versus increased energy consumption 
— is only a temporary situation that must be improved over time; unintended consequences of 
substitution need to be identified, flagged and addressed as quickly as possible. toxics reduction 
is the first but not only step in addressing the problems of highly hazardous chemicals. substitution 
processes need to include thoughtful consideration (though not exhaustive) of the reasonable 
potential risk trade-offs that might occur (between workers, communities, and environment or 
throughout a chemical/product lifecycle), and process changes that might be needed for success-
ful implementation. such considerations should not hold up efforts to undertake substitution, 
however.
the policy implications of the challenges of alternatives are:
• clearly defining safer alternative;
• articulating data availability and quality needs (for an alternative to be deemed, “safer”); and
• integrating consideration of the reasonable potential trade-offs of the alternatives and 
continuous improvement into the concept of safer alternatives.
table 5 summarizes the outcomes for the policy options included in the sections above called 
alternatives selection policies and policies that support multiple steps in an alternatives assess-
ment, as they are especially critical to the selection of safer alternatives by chemical producers and 
users. the outcomes included in table 5 are effects on cost, business practice, public participation, 
and technology change. the most effective policy options for changing technology are chemical 
C O n C L u s I O n
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restrictions and chemical substitutions. yet these options are highly contentious and pose high 
costs for businesses and government. the costs of chemical restrictions are heavily borne by 
the chemical manufacturers, but will vary for chemical users depending on the availability of 
alternatives and the extent to which they have already changed their chemical use.
technical assistance, planning requirements, government procurement, and eco-labels all involve 
moderate costs to business or government and result in moderate effects. these policy options 
will not drive change among laggard businesses, but will support change among businesses 
that lack the resources and focus needed to transition to safer alternatives (technical assistance 
and planning) or that need deeper market incentives to change (government procurement  
and eco-labels).
alternative assessments as a stand-alone policy option will not be effective in bringing about 
technology change. their value is in being linked to the other policy options. 
public participation is poorly served by all of the policy options included in table 5. that’s because 
the dialogue involved in the development and implementation of these policies is technical. 
engaging the wider public outside of environmental organizations with technical expertise will 
require different policies that focus on right-to-know, goal-setting, and evaluating progress towards 
achieving goals. 
Widespread success in substitution will require a package of policy initiatives that support each 
of the steps in an alternatives assessment process. to date, there are a handful of success stories 
among business innovators in implementing substitution. But for these successes to spread to 
the entire american business community will require government action. Without support for 
each step in the alternatives assessment process, businesses will lack the data on chemical use 
and hazards, incentives for and availability of safer alternatives, and the capacity to evaluate 
alternatives. 
government can help chemical users by evaluating hazards of chemicals, classifying chemicals 
into levels of concern (high, moderate, low, or unknown), identifying and restricting chemicals 
of high concern, and listing alternatives. Businesses that use chemicals of high concern should 
be required to perform substitution plans.
government needs to play an active leadership role in promoting the development and diffusion 
of safer substitutes through programs that promote green chemistry and the development of 
safer alternatives.
5  l  loWell center for sustainaBle production  l  university of massachusetts loWell options for state chemicals policy reform  l  a resource guide  l  55
all too often the debates over any toxic chemical involve only the government, manufacturers 
of that chemical, and occasionally, environmental groups. absent from these deliberations are 
manufacturers of the alternatives or downstream users who are interested in the safer alterna-
tives. Creatng polcy mechansms that ncrease ncentves for busnesses that produce or 
want safer alternatves and for the publc to partcpate n mplementaton wll be crtcal 
to the success of chemcal polcy legslaton. But the public will lose interest once experts 
start squabbling over degrees of hazard, levels of exposure, and costs of alternatives. What the 
public wants are safer alternatives. thus, an important mechanism of chemical policy is the setting 
of goals and the benchmarking of progress towards those goals. the public is interested in the 
goals and can demand progress towards achieving them.
taBle 5  assessment of Polcy Optons for substtuton and alternatves assessment
Outcomes
analyss—
alternatve 
assessments by 
government
Techncal 
assstance—
Clearnghouses, 
On-ste support, 
etc.
Requre 
Plannng—
substtuton 
Plans by busness
Requre busness 
acton—
Chemcal 
Restrctons or 
substtuton
Procurement 
—government 
Envronmentally 
Preferable 
Purchasng
Cost 
Chemcal 
manufacturers low low moderate high low
Chemcal End users low low moderate depends low
government high moderate low high moderate
busness Practce & Publc Partcpaton
acton Forcng low low moderate high moderate
gves Preventon  
an advantage high moderate high high high
Focuses on 
Learnng high high high high moderate
Publc Partcpaton low–moderate low–moderate low low low–moderate
Change In Technology
Chemcal 
manufacturers low moderate moderate high low–moderate
Chemcal End users low moderate moderate high moderate
Overall assessment
hgh 
government 
Cost & Low 
Technology 
Change
moderate 
government 
Cost & moderate 
Technology Change
moderate 
busness Cost 
& moderate 
Technology 
Change
hgh Cost & 
hgh Technology 
Change
moderate Cost 
& moderate 
Technology 
Change
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the future will put new pressure on chemistry and the chemical industry to invent and develop 
safer and more sustainable chemicals. not only is the public increasingly sensitive to the risks  
of conventional chemicals, but national and international governments are increasing scrutiny 
and tightening regulations on many of the chemicals of highest concern. greater attention to 
chemicals that pose significant health and environmental risks and the prospect of further gov-
ernment regulations provide incentives for chemists and private chemical research labs to direct 
research towards safer chemical substitutes. indeed, this increasingly sensitive context has encouraged 
some firms within the industry to reformulate chemical process steps and redesign chemical 
products in order to substitute more environmentally friendly chemicals for hazardous chemicals 
used in chemical synthesis or final products. today, there is a small, but growing “green chemistry” 
movement among chemists and private firms that conduct research on new chemistries to design 
chemicals and chemical synthesis and processing procedures that avoid hazardous substances 
and more self-consciously protect the environment and human health.
however, the current state of the chemical industry is not conducive to innovation inspired by 
environmental or health factors. the current efforts to introduce green chemistry or other inno-
vations that conserve resources and reduce wastes are slow, piecemeal, and often overtly resisted. 
the bulk chemical industry is a mature, capital intensive, concentrated, multinational industry. 
the specialty chemical industry is highly fragmented with significant diversity among chemical 
products and firms. process innovation is often risky, expensive, and difficult, giving the chemical 
industry one of the longest new product technology cycles (10–20 years) and new process technology 
cycles (40–50 years) in all of manufacturing.1 many of the industry’s fundamental technologies 
and manufacturing procedures (for example, methanol/ethylene/propylene/benzene/toluene/
xylene, /and chlor-alkali) were developed and “locked in” decades ago, creating technology  
improvement pathways that embrace incremental changes and resist fundamental transformations.2  
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Because the customers of the chemical industry tend to be chemical formulators and product 
manufacturers rather than product consumers, market signals from final users of chemical products 
have little impact on the industry. indeed, government agencies charged with regulating the 
industry and its products tend to be focused on and overwhelmed by risk management activities, 
rather than industrial development and, therefore, do little to promote innovation directly. add 
to this a long history of industry trade associations resisting government intervention, countering 
and subverting critical scientific studies of adverse chemical effects, and employing unrelenting 
political pressure to protect current investments and the result is an industry with a very narrow 
and skeptical attitude towards innovation driven by factors other than market advantage. 
if the chemical industry is to embrace innovation driven by a vision of a clean and safe environment, 
it will require new government policies and new public demands that reach deeply into the 
technological and financial decision-making structures of the industry. green chemistry offers  
a promising vision, however, it must avoid becoming simply a clever way to reduce costs or a fancy 
way to create a public image. true innovation means a fundamental re-thinking of the industry’s 
source materials, processing technologies, and commercial products and it will require more 
than a patient reliance on market forces alone. 
the objective of this module is to consider the conditions that lead to innovation in the chemical 
industry and to propose a set of policy options for governments that are seeking to encourage 
green chemistry and environmentally sensitive innovations.
chemists in academic chemistry labs, government research centers, and private firms are often 
engaged in generating new chemicals. most never go beyond the laboratory or point of concep-
tion. the term conventionally used for this is invention. scientists are involved in inventing new 
chemicals, often with the hope of commercial applications. the term innovation is traditionally 
used to indicate the adoption of a chemical or chemical process into a commercial or practical 
application. thus, innovation involves the adoption of inventions. the first successful adoption 
of a new chemical into a process is considered the first innovation, although innovation can  
occur at later times whenever a potential user converts to a new chemical or process. diffusion 
involves multiple adoptions of an innovation. see figure 1.
figure 1  The Process of Innovaton
      invention ➔  innovation   ➔  diffusion
     (1st adoption)  (multiple adoptions)
C O n V E n T I O n a L  D R I V E R s  F O R  C h E m I C a L  I n n O V a T I O n
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there is a broad library of business literature on invention and innovation with much attention 
paid to the conditions or processes that lead a firm to innovate and the effects that innovation 
has on market and corporate practices. Joseph schumpeter argued that innovation benefits a 
firm by offering temporary monopoly control over a new product and, thereby, permits the firm 
to gain an enhanced position in the market. michael porter sees technical innovation as one means 
by which a firm can differentiate its products from those of its competitors either by lowering 
costs, shifting costs, creating a “first mover advantage,” or shifting the structure of the industry 
to its advantage. James utterback differentiates product from process innovation, but sees them 
as interdependent in any major industrial transformation. he notes that technical innovations 
tend to go through three phases starting with new “pioneer” product commercialization, followed 
by a transitional phase in which there are many product variations and process changes among 
many competitors, and, finally, a concluding phase where the market is narrowed down to a 
few competitors who focus primarily on minor product or process refinements.3
much of the business literature is focused on corporate innovation for commercial benefits —
expanding market share, increasing profits — however, there is also a broad behavioral science 
literature on the social dynamics of innovation. While the social science scholarship on innovation 
can be traced back to the early twentieth century, much of the new literature has developed from 
the work everett rogers published in Diffusion of Innovations in 1962.4  rogers recognized the 
diffusion of innovations as a social pattern similar to the way an infection spreads through a 
population: there are a few early innovators (leaders), many mid-term innovators who follow a 
successful trend, and some (laggards) who hold out against an innovation for many years. if adop-
tions of an innovation are plotted across a time line, the number of adopters tend to follow a bell 
curve rising from a few to many and back to a few over the time period. 
rogers examined many cases of innovation and noted that the general pattern was affected by 
certain attributes of the product or behavior that was being adopted. specifically, he identified 
five characteristics of innovations that affected their success (rate of adoption). they include:
Relatve advantage. improvement of an innovation over current practices.
Comparablty. consistency of an innovation with existing needs.
Complexty. assessment of difficulty in understanding or using an innovation.
Tralablty. degree to which an innovation can be tried out before full adoption.
Observablty. degree to which the advantages of an innovation are observable by others.
innovation in the chemical industry follows similar characteristics. new chemicals or chemical 
processes must provide functional or cost advantages to be considered seriously. the sophistica-
tion of chemistry, today, means that chemical synthesis or process changes are regularly modeled 
through computer simulations before being piloted. this fact provides a significant amount of 
information that can be used to explicate potential conversions and reduce uncertainty. Bench-
scale experiments are typically scaled up to pilot plant or beta tests prior to adoption in order  
to assess performance characteristics and identify unanticipated side effects. these lab experiments 
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and pilot processes are useful for demonstrating possibilities and convincing skeptics that an 
innovation will be successful. however, most innovation in the large, bulk chemical companies 
remains incremental — adjustments to otherwise fixed investments — while more fundamental 
“breakthrough” innovation is the province of the smaller, less highly capitalized firms.5 
the introduction of a chemical innovation in the lifecycle of a chemical or product can occur  
at different points and involve different actors, including: 
Chemcal nventor. academic and corporate research laboratories turn out thousands  
of new chemicals each year.
Chemcal manufacturers. chemical manufacturers can develop new synthetic routes for 
making chemicals or new chemicals to substitute for chemicals currently on the market.
Chemcal processors. firms that process raw chemical feedstocks into marketable chemical 
products can adopt new processing procedures, adopt new chemical processing inter-
mediaries, or create new chemical products.
Chemcal supplers (vendors, distributors). chemical suppliers can adopt a new chemical 
product and market it as a substitute for chemical products currently on the market. 
Chemcal product formulators or manufacturers. commercial product formulators or 
manufacturers can adopt new chemical intermediaries to use in manufacturing or new 
chemical products as constituents of finished commercial products.
Chemcal product retalers. retailers can specify or selectively purchase preferred  
products to direct innovation.
users. users can drive innovation through selective purchasing. (see figure 2)
figure 2  The Chemcal Product supply Chan
the incentive to innovate can be stimulated at any point in the linear relationship (the so-called 
“supply chain”) of these actors. downstream chemical users may seek a new chemical product from 
processors or manufacturers or upstream manufacturers may introduce a new line of chemicals 
and work to get downstream user acceptance. sometimes one actor may adopt an innovation 
alone, however, achieving a successful adoption often requires a cooperative relationship among 
actors willing to accept an innovation and its consequences. for instance, a chemical supplier 
may work with formulators to develop a new chemical product or a chemical processor may 
collaborate with manufacturers to introduce a new chemical into the market
there are many drivers that motivate firms to adopt new chemicals, new chemical products, or 
new chemical synthesis or processing procedures. they include conventional business factors, 
such as:
chemical inventor ➔ chemical manufacturer ➔ chemical processor ➔ chemical supplier 
➔ chemical product formulator/manufacturer ➔ retailer ➔ user ➔ disposer
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Performance. the functional characteristics of chemicals are a central factor in chemical 
selection. chemical users seek chemical feedstocks and process intermediaries that meet 
desired product objectives and achieve optimal processing and manufacturing character-
istics. vendors and chemical suppliers often play an important role here by marketing new 
chemicals and chemical processes that promote higher product or process functionality. 
in addition, sophisticated customers may drive innovations by specifying specific product 
or process performance characteristics.
Costs. the drive to lower product or production processes by redesigning process chem-
istries or reformulating products compels firms to seek lower cost feedstocks and source 
chemicals. vendors also play an important function here, often marketing new, lower cost 
chemicals that can replace higher cost conventional chemistries.
Competton. few drivers are as potent as the innovations of competitors. firms with large 
market shares are particularly attentive to changes in the chemical composition of competi-
tor’s products. careful attention to the commercial media, information provided by chemical 
suppliers or information gathered through informal channels can be augmented by contracted 
consultants and reverse engineering investigations to learn about competitors’ innovations. 
Lablty. concern over future liability can also drive firms to move away from chemicals 
of known, or even suspected, hazard. the decision, by the 3-m corporation to withdraw 
and reformulate a highly successful product, scotchguard, from the market in 1997 was 
driven by concern over potential liability when one of the constituents, perfluoro- 
octanoic acid, was found as a contaminant in public body burden studies.
in addition, there are drivers based on information, such as:
new rsk nformaton. scientific studies by academic laboratories or government agencies 
regularly provide new information on the hazards of chemicals in commercial use. new 
information on chemical exposures from occupational or environmental health studies, 
from human bio-monitoring, from wildlife studies, or from dramatic media stories can 
motivate a firm to re-examine its use of a targeted substance and seek its replacement. 
new information on the hazardous properties of currently used chemicals may encourage 
a firm to change chemistries in order to improve product safety, working conditions, or 
environment emissions. new information on the safety of alternative chemicals also can 
be a factor in driving chemical substitution or product redesign.
Publc attenton. an increasingly informed and concerned public has led to increased 
public attention to the risks of chemicals in products. product manufacturers, particularly 
those who manufacture products used by sensitive populations (children, health conscious 
consumers), have grown quite sensitive to public information on chemicals. this develop-
ment has led firms to substitute for chemicals that appear of growing public concern, 
even without specific customer attention. 
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Customer demand. as the public becomes more attentive to the risks of chemicals, customers 
may become more specific in specifying chemical constituents of products. research by eric 
von hippel found that both downstream customers and distributors can play a significant 
role in driving innovations.6 large product buyers such as the military or large equipment 
manufacturers (for example, the auto or aircraft industry) provide detailed specifications 
on chemical constituents. recently large retailers such as Wal-mart and target, as well as 
hospital group purchasing organizations and many state and local government procurement 
offices, have become quite discerning in specifying chemical constituents in products. 
there also are regulatory drivers, such as:
government regulaton. governments can use statutes or regulations to phase out the 
use of specific chemicals. for instance, the european union’s restriction on hazardous 
substances directive’s prohibitions on the use of lead in electronic products has led to rapid 
innovation in lead-free soldering and flame retardants. however, changes in government 
workplace exposure regulations or environmental release regulations that restrict the use 
of certain substances can result in process innovations, as well. michael porter and class 
van der linde argue that environmental and health regulations can guide firms towards 
lower cost production technologies that otherwise may not be identified by conventional 
management planning. nicholas ashford and george heaton found that regulations can 
be primary drivers for promoting chemical research and innovation. from a review of the 
effects of several environmental regulations on corporate performance, they claim that 
regulation is most effective at motivating innovation if the regulations are clear and stringent 
and include a reasonable timeline for implementation.7  
government regulatons on waste treatment that raise the cost of treating or disposing 
of specific chemical wastes can become drivers for chemical substitutions in production 
processes. simple efforts by governments to list chemicals (such as the swedish “observation 
list”) or target specific substances for research can draw industry attention to chemicals 
of concern and signal a search for substitutes even when such efforts precede government 
regulatory actions by many years. indeed, James clark of the university of york now sees 
government legislation as a more significant driver of chemicals innovation than process 
economics.8
market standards. there are several private, professional and trade standard- setting bodies 
that can affect chemical selection decisions by creating market standards that prohibit or 
restrict the use of specific chemicals in particular applications. for instance, changes in 
flammability standards put forward by the american society for testing and materials 
(astm international) can drive out specific flammable chemicals. organizations such as 
the international standards organization or the american national standards institute 
regularly set and upgrade product standards and product testing procedures. in addition, 
various industry or private codes of conduct can specify practices that result in chemical 
innovation. 
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even with such a battery of drivers for promoting chemical and process change, fundamental 
innovation in the chemical industry is relatively slow. therefore, without more aggressive public 
or private policies, the transition to more environmentally sensitive chemicals and chemical 
processes is bound to be gradual and incremental.
innovation towards more environmentally appropriate chemicals can occur either through select-
ing an existing chemical or chemical process with better characteristics and substituting it for a 
chemical of concern or by promoting the invention of a new chemical or chemical process. selecting 
existing chemicals for substitution is covered in another module in this report. this module focuses 
on the development of new chemical products or processes.
chemists have considered the natural environment in inventing new chemicals. it is said that 
leon Baekeland was modeling natural chemistries when he invented the phenol formaldehyde 
polymer that became the first commercially developed plastic. indeed, recognition of the envi-
ronmental effects of the chemical pollution caused by the distillation of coal and oil was one of 
the drivers for recovering the by-products that became the basis for organic chemistry.9
many improvements in the health or environmental characteristics of a chemical product or 
process have come about through simple incremental efforts to add a blocking configuration 
or remove a hazardous input. indeed, the adoption of chlorofluorocarbons as refrigerants during 
the 1940s and 1950s was driven by a desire to reduce the flammability of the solvents and spirits 
conventionally used in compressors. 
however, the recent efforts to use knowledge about environmental and biological processes to 
design and develop more environmentally friendly chemicals and chemical processes has opened 
a rapidly developing new specialty in chemistry often referred to as environmentally benign chemi-
cal synthesis, or “green chemistry.” green chemistry does not focus on incremental substance 
substitutions; instead, green chemistry focuses on developing alternative chemistries that can 
be introduced throughout the entire process of chemical manufacturing. paul anastas and John 
Warner, two of the founders of the field of green chemistry, have defined the term green chemistry 
to mean “the utilization of a set of principles that reduces or eliminates the use or generation  
of hazardous substances in the design, manufacture and application of chemical products.” 10
green chemistry fosters research on alternative feedstocks and intermediaries, environmentally 
benign solvents, reagents, and catalysts, aqueous processing, and safer and more readily recyclable 
chemical products. additional research focuses on alternative reagents and catalysts. it involves 
identifying catalysts that function in chemical transformations with minimal environmental harm 
(for example, minimizes energy inputs, maximizes yield, minimizes waste outputs, generates 
the least occupational exposure and the least accident potential).11  
E n V I R O n m E n T a L L Y  m O T I V a T E D  I n n O V a T I O n  a n D  g R E E n  C h E m I s T R Y
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several firms within the pharmaceutical industry, such as merck, pfizer, Bayer, and glaxosmithKline, 
have taken leadership positions in promoting green chemistry. Because drug development is so 
research intensive and the health care industry is so sensitive to health objectives, these firms 
have found competitive benefits in promoting their green chemistry initiatives.12
the substitution of new chemical sources for petroleum in the petrochemical industries provides 
an innovation pathway parallel to green chemistry. Bioprocessing and bio-based chemicals pro-
vide a good example. the rising price of petroleum has reactivated research into the development 
of chemicals made from agricultural feedstocks. more than 15 percent of the dyes and 16 percent 
of the inks on the market are made from plant matter, as are several pigments, detergents, sur-
factants, and adhesives. there is a rapidly growing market for biopolymers-plastics made from 
corn, potatoes, sugar beets, or sugar cane. cargill has a mill in nebraska that can produce some 
300 million tons of poly lactic acid per year from up to 40,000 bushels of locally grown corn. their 
product, NatureWorks, is commercially available in various applications such as fibers, films, and 
extruded and thermoformed containers for packaging. however, biopolymers are not the only 
new area for green chemistry product development. Biorefineries, initially built to produce ethanol 
as a fuel, are rapidly being considered as a source for chemicals such as epichlorohydrin, glycerol 
carbonate, and succinic acid. 13
there is some government program support for the development of green chemistry and bio-
based materials. the u.s. farm Bill of 2002 created a special research center for alternative uses 
of agricultural crops that is housed in the department of agriculture. the u.s. environmental 
protection agency (us epa) supports a small research program on green chemistry and there is 
a presidential green chemistry challenge that offers annual awards for individuals or firms that 
have demonstrated leadership in research or application of green chemistry principles. over the 
last several years, this awards program has recognized Bayer’s environmentally friendly synthesis 
of biodegradable chelating agents, ppg industry’s use of yttrium as a substitute for lead in cationic 
electro-coatings, and rohm and hass’s design of an environmentally safe marine antifouling 
coating to replace tributyltin oxides.14  
the american chemical society has created a separate non-profit entity, the green chemistry 
institute, which promotes environmentally friendly chemistry through research, education, and 
conferences. the institute and the american chemical society have developed secondary and 
higher education programs and curricula for training students in green chemistry. the institute 
is the primary sponsor for a national green chemistry and green engineering conference that 
is held annually in Washington in conjunction with the presidential awards program. 
outside the united states, the european union (eu) established a large research and technology 
platform called suschem that focuses on industrial biotechnology, sustainable materials, and green 
reaction and process design. Japan, Brazil, china, and several african countries have established 
research programs for non-food materials made from agricultural feedstocks. in india, the gov-
ernment minister of science and technology has decreed that every college chemistry student 
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must take a year of green chemistry courses. today, there are some 23 green chemistry centers 
in countries around the world.
innovation is not always easily accepted. innovation in the market typically advances some 
technologies and some firms while others lose out. investments, jobs, and careers can be at risk. 
potential losers can create stiff government and market barriers. process innovations often are 
resisted because the immediate costs of production changes can be very high and the payback 
period long. innovation in science can be fiercely resisted by those dedicated to the principles 
of what thomas Kuhn called “normal science.”15   
the development of green chemistry and bio-based materials has already encountered barriers. 
the advancement of green chemistry is currently being delayed by the lack of government funding 
and by the overt resistance of mainstream academic chemistry departments. While hundreds of 
millions of dollars of federal funds go to research into nanotechnologies and nano-scaled materials 
in the united states, a bill to fund green chemistry research for tens of millions of dollars has 
languished in congress for the last four years. pharmaceutical corporations have made investments 
in green chemistry research, but most industry sectors have not. 
although some higher education chemistry departments have proudly introduced green chemistry 
courses, only one green chemistry doctoral program exists in the country and the academic 
accrediting association has done little to embrace the concept. indeed, some already see an insidi-
ous initiative to dilute and make meaningless the green chemistry definition. for instance, dow 
chemical has recently offered significant funding to one major university chemistry department 
to set up a “sustainable chemistry” program that avoids the accepted green chemistry definition 
in favor of a much looser and all-inclusive definition.
the development of bio-based chemicals has no easier road to cover. the earlier “chemurgy 
movement” of the 1930s and 1940s, which promoted agriculture-based chemicals such as corn- 
and soy-based  solvents, adhesives, polymers, and fuels, was eviscerated following the close of 
World War ii as the price of oil dropped and government subsidies evaporated.16 today, the 
fledgling bio-fuel and biopolymer initiatives are already facing criticism as the cause of rising 
food and forage costs. indeed, recent projections on the land and energy requirements needed 
for agricultural-based materials and recognition of the unsustainable nature of conventional 
industrial agriculture are currently casting a cloud of skepticism over bio-based chemicals. 
b a R R I E R s  T O  T h E  D E V E L O P m E n T  O F  g R E E n  C h E m I s T R Y      
a n D  b I O - b a s E D  C h E m I C a L s
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governments have a range of policy tools that can be employed to promote innovation in the 
chemical industry. some, such as the development of research programs, can support the inven-
tion of new chemicals or chemical processes, while others, such as regulatory restrictions, can 
encourage the adoption of alternatives, once invented. the first is an example of a “push policy,” 
because it promotes the expansion of innovation alternatives, while the latter is an example of 
a “pull policy,” because it creates an opportunity for the adoption of an innovation. these two 
types of policies often need to go hand in hand, because a pull policy cannot succeed if there  
is no invention to adopt.
While there are many incentives to design, develop, or adopt green chemistry alternatives, incen-
tives often are not enough to make an innovation occur. firms may require additional capital  
to purchase or adapt equipment, funds and time to implement conversions, workforce training 
to develop new skills, and new marketing strategies to convince customers to accept product 
changes. governments can also help firms to overcome these barriers through a third kind of 
“facilitation policy” that provides funding, information, education, and technical support.
 in addition, it is not always clear that an alternative chemical or chemical process is superior in 
terms of a complete set of environmental or health criteria. the aqueous cleaner used to replace  
a hydrocarbon-based cleaner, for example, may require more manual handling and may need 
ovens for drying products both of which present occupational risks. indeed, efforts to manufac-
ture chemicals from agricultural feedstock, may avoid the hazards associated with petroleum 
only to introduce the hazards of petroleum-based fertilizers, pesticides, and fuels and problems 
of soil depletion and water consumption associated with industrial agriculture.
to assist firms seeking to design and develop safer or cleaner chemicals, various decision-assisting 
protocols have been developed to help decision-makers assess the benefits and risks of potential 
substitutes (see tickner, module 3). some of these tools are designed to simply display the hazards 
associated with potential alternatives while others actually allow users to screen alternatives 
based on decision rules built into the protocol.17
the german institute for occupational safety has developed a hazard array protocol called the 
column model. this tool uses columns for each potential alternative to display hazard data on 
acute and chronic human health hazards, environmental hazards, fire and explosion hazards, and 
exposure potential. similar tools have been developed by the massachusetts toxics use reduc-
tion institute (“pollution prevention options analysis systems”), clean production action 
(“greenscreen”) and the Zero Waste alliance in oregon (“chemical assessment and ranking 
system”). these tools are useful in designing new chemicals or chemical processes because they 
provide health and environmental effects information on potential alternatives in a comparative 
data presentation.
F a C I L I T a T I n g  I n n O V a T I O n  I n  g R E E n  C h E m I C a L       
a n D  b I O - b a s E D  m a T E R I a L s
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perhaps less helpful in making design decisions are the screening protocols because these tools 
rate information and conflate it into numeric or color-coded results. examples include the Quick 
scan approach developed by the dutch ministry of housing, spatial planning and environment 
and the swedish chemicals inspectorate’s prio for risk reduction of chemicals.
the u.s. epa office of pollution prevention and toxics (oppt) has developed tools for encouraging 
green chemistry considerations in the development of new chemicals. for instance, the new 
chemicals program has developed a computer-based program called the “green chemistry expert 
system,” which helps companies to identify and design more environmentally benign chemicals. 
the software includes five modules that allow users to build green chemical processes, design  
a green chemical, or survey the field of green chemistry. the “synthetic method assessment for 
reduction technique” (smart) module helps chemical companies to assess, in advance, the 
pollution prevention opportunities of new chemistries by quantifying and categorizing the haz-
ardous substances used in or generated by a chemical reaction. reactions can be modified in the 
smart module and re-evaluated to optimize their potential health and environmental effects. 
additional modules on green synthetic reactions, designing safer chemicals, and green solvents/
reaction conditions provide information on alternatives and offer guidance on how substances 
can be modified to make them safer. a green chemistry reference guide provides several 
search engines for acquiring additional information.18   
firms also have created tools for guiding their selection of chemicals in designing products and 
processes. for instance, s.c. Johnson has developed a tool called “greenlist,” which relies on two 
sets of criteria: one to establish the function use of chemicals and the other to measure the envi-
ronmental and health impacts. chemicals are placed into functional categories, such as surfactants, 
solvents, and adhesives, and then scored against a set of selected criteria such as aquatic toxicity, 
biodegradability, and vapor pressure, for comparative analyses within each category. 
the united states has a long history of providing incentives for innovation in the chemical industry. 
over the years, the government has employed different initiatives, such as tariffs, patent protection, 
tax incentives, preferred purchasing, and direct subsidies for research. these same government 
instruments could be used today to promote environmentally sensitive chemicals innovations.
there are six general policy tools that governments (national, state, or local) could use to promote 
the development and diffusion of innovation in green chemicals, biopolymers, and sustainable 
materials. they include:
• research and development support;
• technical assistance;
• education and training;
O P T I O n s  F O R  P R O m O T I n g  E n V I R O n m E n T a L L Y      
s E n s I T I V E  C h E m I C a L  I n n O V a T I O n
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• market interventions;
• economic policies; and
• regulations.
A.  Research and Development Support  
state and national government agencies have long supported research into new material and 
chemical streams. during the 1940s the federal government invested heavily in the rubber reserve 
program to develop a synthetic rubber. cut off during wartime from the natural rubber planta-
tions of malaysia, the government brought together the four leading rubber manufacturers, 
standard oil, and dow chemical to develop synthetic rubber based on styrene and butadiene.19  
today, the federal government is laying out more than $1 billion per year for research into nan-
otechnologies under the national nanotechnology initiative, which is arguably the largest 
chemical research program in the nation’s history.
to encourage green chemistry research:
• Government funding programs could be established to support green chemistry and 
sustainable materials research. during the 1990s the national science foundation provided 
a small funding source through its “Benign by design” initiative and the us epa provided 
research support through its star program and another called “alternative synthesis 
pathways for pollution prevention.”  the u.s. house of representatives already has passed 
a bill, h.r. 1215, green chemistry research and development act, which would provide 
annual appropriations for research on environmentally benign chemical products and 
processes. the bill is currently stalled in congress and requires action by the senate.
• Green chemistry research could be promoted at state or national labs. sandia national 
laboratory in new mexico has a history of research programs on environmentally conscious 
manufacturing and there is current work there on adhesives modeled on mastics produced 
by abalone. other research is being conducted on renewable energy at the national  
renewable energy lab in colorado.
• State or federal governments could establish Green Chemistry Initiatives to coordinate 
agency efforts. california and michigan have recently launched such an approach. a cross-
agency research and development program could be developed similar to the national 
nanotechnology initiative that could appropriate money to different federal agencies to 
promote greener chemicals and bio-based materials.
• Consortia of state research universities could be established to support green chemistry. 
higher education institutions could be encouraged to form strategic partnerships and 
alliances to educate, discover, develop, apply, and promote green chemistry and jobs cre-
ation on greener materials development. there is already collaboration among the public 
sector universities in new england called the new england green chemistry consortium, 
which has received federal support through a three-year grant from the u.s. epa.
• Government agencies could budget more funding for green chemistry and alternative 
chemicals promotion programs. for instance, funding for the federal green chemistry 
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and design for the environment (dfe) programs could be increased. the u.s. epa’s green 
chemistry program was originally established as part of the office of pollution prevention 
and toxics design for environment program. the dfe program assists industry sectors in 
developing alternatives to hazardous chemicals such as a current project on alternative 
assessment for flame retardants in printed circuit Boards. the green chemistry and com-
merce council (www.greenchemistryandcommerce.org), an informal industry group, has 
written a letter to the u.s. epa administrator encouraging more support for the dfe and 
green chemistry programs.
B.  Technical Assistance
the state pollution prevention programs established during the 1990s proved the effectiveness 
of providing government technical assistance programs to assist firms in meeting environmental 
objectives. more than 30 states set up programs that offered workshops, conferences, on-site 
technical advice, information, research assistance, and various forms of awards and public recog-
nition. in a smaller number of states, including massachusetts and new Jersey, these technical 
assistance programs were established within the context of regulatory programs that required 
certain firms to participate and report on their effectiveness in reducing the use of certain toxic 
chemicals and the generation of hazardous wastes. 
governments could promote green chemistry innovation through technical assistance:
• Those states with active pollution prevention programs could integrate green chemistry 
and chemicals innovation assistance into their on-going technical assistance programs. 
such programs could establish and maintain multi-stakeholder dialogues of vertically linked 
firms — so called “supply chain dialogues” to encourage information and problem sharing 
to facilitate innovation. the office of technical assistance and the toxics use reduction 
institute in massachusetts have been strong advocates for green chemistry and have worked 
with the university of massachusetts in holding annual green chemistry conferences targeted 
at linking university faculty with industrial managers.
• Governments could provide technical assistance materials and tools to facilitate the de-
velopment of green chemistry innovations. the u.s. epa’s green chemistry computer-based 
decision-making tools are one example. guidance manuals and case studies also can provide 
encouragement and motivational incentives.
• States could establish executive green chemistry commissions that coordinate state assistance 
programs and provide a strong focal point for industry in promoting environmentally sen-
sitive chemicals innovation. in 2004, the university of california at Berkeley presented a report 
recommending a green chemistry program for california and there are current initiatives 
in the state legislature to take early steps on that proposal. the governor of michigan  
established a commission on green chemistry in 2005 and similar commissions have  
been proposed in new york, maine, and massachusetts. 
• Universities or non-governmental organizations can also be conveners of innovation-
focused industry dialogues to promote green technologies and bio-based materials by 
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prioritizing needs that require changes in process chemicals or the design of chemical 
products. the green chemistry and commerce council established by the lowell center 
for sustainable production or the Business/ngo Working group for safer chemicals and 
safer materials organized by clean production action provide useful models.
C. Education and Training
education of young people can have a dramatic effect on the diffusion of new ideas, however, 
the timeline is long and unpredictable. currently, there is a significant shortage of college students 
interested in chemistry and, therefore, few graduate chemists with much awareness of green 
chemistry and bio-based materials.
there are several ways to encourage environmentally friendly chemical innovations through 
education including:
• Promote college courses in green chemistry and bio-based materials. some 16 colleges 
in the united states provide special courses in green chemistry. even more effective would 
be conventional chemistry programs that offer toxicology and environmental science and 
policy courses as part of their curriculum.
• Provide scholarships and graduate student support. student support often can provide 
inexpensive initiatives that encourage students to become eager promoters of new approaches. 
such programs could be offered on a competitive basis to increase the impacts.
• Encouage K-12 education programs. the center for green chemistry at university of 
massachusetts lowell requires that all doctoral students and all center research staff spend 
a portion of each month doing outreach to local high schools and primary schools teaching 
about green chemistry. summer teacher training programs can add to such diffusion  
programs.
D. Market Interventions. 
governments purchase large amounts of commercial products. indeed, in some markets, gov-
ernment purchasing is so significant that it drives market behavior. federal, state, and municipal 
government resources could be directed to purchase green chemistry and bio-based products.
• Government environmentally preferred procurement programs could be expanded 
and focused on green chemistry promotion. there are several presidential executive orders 
that already encourage environmental considerations in federal purchasing decisions. the 
new Bio-based products preferred procurement program (when its final rules are published 
in the congressional register within the next nine months) will require that all federal 
agencies purchase bio-based products when they are available, affordable, and perform 
as indicated.
• State and municipal environmentally preferred procurement programs could be focused 
on products made from green chemistry processes. many cities, such as seattle, portland 
(oregon), and santa monica, have well developed environmentally preferred purchasing 
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programs. the san francisco city council has adopted an ordinance for a precautionary 
approach to purchasing environmentally friendly products and Buffalo has made a  
commitment to purchasing products free of persistent bioaccumulative toxins.
• State or national governments could establish certification programs to label products 
developed through green chemistry. the labeling programs for organic foods, energy 
efficiency, and sustainable forestry sourcing have proven the effectiveness for consumers 
of labels that are easily accessible and understood.
E. Economic Policies
governments can affect the innovative behavior of private entities by selectively using fiscal 
and economic tax and trade policies to financially reward companies.
• State or federal governments could create tax incentives for manufacturing or purchas-
ing greener products, thereby encouraging the use of more environmentally appropriate 
chemicals and the green chemistry research necessary to develop them. governments have 
used tax deductions, accelerated depreciation schedules, or simple rebates to encourage 
preferred products (for example, energy conservation, solar collectors, hybrid vehicles.) 
• Federal policies could target agricultural subsidies to farmers to produce crops for bio-based 
chemical production that are certified as produced following sustainable agriculture principles. 
for instance, the institute of agriculture and trade policy has suggested using sustainable 
agricultural certification criteria for guiding the funding for bio-based materials development 
authorized under the 2001 federal farm Bill.
• Federal or state programs could tax substances of high concern to increase their costs, 
thereby encouraging green chemistry research and the adoption of less hazardous chemicals. 
in the phase-out of ozone depleting chemicals, the federal clean act amendments of 1990 
placed a tax on chlorofluorocarbons. states already tax cigarettes and gasoline to encourage 
use reductions.
F. Regulations 
government regulations can play an important role in driving innovation (see rossi, module 5). 
federal, state, and local authorities have broad rule-making capacities that can affect the innova-
tive, commercial, and investment behavior of firms. laws that phase out the use of particular 
chemical substances or establish programs for substituting hazardous chemicals with more benign 
substances have an indirect effect in promoting innovation and green chemistry. for instance, 
the eu’s restriction on hazardous substances directive specifies restrictions on the use of mercury, 
lead, cadmium, hexavalent chromium, and several brominated flame retardants in electronic 
products.
• Government agencies could use existing or new legislation to ban specific chemicals in 
ways that open markets for safer substitutes. for example, several states have passed laws 
phasing out the use of chemicals of high concern. some states have enacted laws phasing 
out mercury in some products. states such as california, maine, and Washington have 
passed laws phasing out the use of the flame retardant polybrominated diphenyl ethers (pBdes).
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• State or national government agencies could use various pre-regulatory techniques to 
signal potential regulatory actions that encourage green chemistry research and shifts in 
chemical preferences. the swedish and danish governments have created so-called “obser-
vation lists” to draw public attention to chemicals that should be avoided where possible, 
even though there is no current plan to initiate regulatory procedures. in the united states, 
the federal toxics release inventory list or the california “prop 65” list have been used by 
firms to guide their decisions on chemicals to replace. 
• State or national legislatures could enact chemicals policy legislation that encourages a 
shift from hazardous to safer chemicals. in massachusetts a bill entitled, an act for a healthy 
massachusetts: safer alternatives to toxic chemicals, has been introduced into the legisla-
ture. it would create a priority list of substances and a comprehensive program to replace 
toxic chemicals with safer alternatives in consumer products and other businesses. 
• Government legislatures or agencies could adopt policies that reform the way chemicals 
are registered and evaluated for human health and safety and environment attributes. 
the university of california’s recent report, Green Chemistry in California: A Framework for 
Leadership in Chemicals Policy and Innovation recommended state legislative initiatives 
modeled after the eu’s registration, evaluation, and authorization of chemicals (reach) 
program that would close scientific research information gaps on chemical effects.
the transition toward green chemistry and more sustainable chemical products and processes 
in the chemical industry will not be simple, quick, or easy. no one policy option will succeed 
without the support of other policy changes. some options are likely to engender significant 
resistance not only from business interests, but, also, from those who might lose jobs or experi-
ence other dislocations. other options can be implemented more easily, but the impacts will  
be more gradual and incremental (see figure 3).
stringent and time-limited regulations can be well-targeted and effective pull policies. manda-
tory bans on the manufacture and use of specific chemicals can be timely and efficient, but the 
political costs are high and the promise of achieving safer substitutes is not assured. past expe-
rience suggests that such bans often require extensive exemptions, push continued chemical 
production and use to other nations, and, if not well enforced, create illegal “black markets.” less 
prohibitive regulation on the use of chemicals or the release of chemicals during their lifecycle 
can raise the costs enough to encourage the adoption of available substitutes and drive scien-
tists to invent new substances or processes. however, there will be strong industrial resistance 
to more such regulation and the enforcement and compliance costs for government can be 
quite high. 
C O n C L u s I O n :  C O m P a R I n g  O P T I O n s  F O R  P R O m O T I n g  I n n O V a T I O n
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figure 3  Comparson of Polcy Optons
Opton Type Target of Interventon
Ease of 
Implementaton
Cost of 
Implementaton
Tme to acheve 
Impact
. Research and 
development
chemical inventor, chemical 
manufacturer easy high short                      
2. Techncal assstance chemical processor, chemical product manufacturer easy moderate short
. Educaton and tranng chemical inventor moderately difficult moderate long
. market nterventon chemical product manufacturer, retailer, user moderately difficult low short
5. Economc 
chemical manufacturer, chemical 
processor, chemical product 
manufacturer
difficult high medium
6. Regulatory chemical manufacturer,chemical product manufacturer moderately difficult moderate medium
policies that change government and large consumer procurement practices are an example of 
an innovation pull policy that tries to link the market preferences of product purchasers to chemical 
manufacturers. such policies are not particularly expensive and are usually reasonably accepted 
by most participating parties. Where the participating institutions have large market shares, the 
policies can be timely and efficient and, to the degree that they form consistent market signals, 
their impact may go well beyond the targeted products.
 
however, “pull policies” cannot succeed without innovation push policies. policies that support 
research programs by redirecting current research support expenditures to universities or re-
focusing the research conducted at the national labs to promote green chemistry alternatives 
can be implemented without statutory changes and through simple budget language changes. 
While such efforts will go against entrenched research priorities, they can be accomplished 
without new funds. those policies that involve more government spending (such as h.r. 1215) 
will be attractive to both industry and non-governmental advocates, but they will strain the 
budgets of governments trying to hold down costs.
education and training programs also can serve to push green chemistry. such programs are 
usually inexpensive and non-controversial. however, they do not have immediate payoff and 
the results can be quite diffuse.
fiscal and monetary policies are fairly crude push policies. While they are attractive to those 
who experience economic benefits, they are hard to target to specific outcomes. they can also 
become quite a large expense on government budgets and, because of their largess, they can 
be difficult to terminate, even once their objectives have been met.
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finally, there are the facilitative policies. technical assistance and information generation and 
transfer policies offer little to promote invention, but can be important determinants of the rate 
and success of adoption of chemical substitutes. indeed, technical assistance agents (government 
agricultural extension service agents or pollution prevention technical assistants) have been 
recognized as important factors in the process of diffusion of innovations. While the effects of these 
policies can be difficult to assess and they can be costly in terms of government expenditures, 
the experience with state pollution prevention programs demonstrates their popularity and 
usefulness. 
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public policy development requires deliberation over substantive proposals to achieve particular 
goals. it also involves consideration of means to implement those policies selected. 
in the u.s., states have become the most important venue for development and adoption of 
new programs to assess and manage chemicals with regard to environmental protection and public 
health. other modules in this report have described state programs to phase out use of mercury, 
to implement toxics use reduction, to reduce use of hazardous substances in consumer products 
such as electronics, and to warn consumers about hazards in products they buy. each addresses 
a part of the larger chemical policy problem. 
the question now is how states can move toward more comprehensive solutions. the modules 
in this report lay out options for many aspects of chemicals policy. this one focuses on what it 
takes to implement such policies. 
this module considers capacity and related competencies, institutional forms, the importance 
of developing funding streams, accountability and transparency, and obtaining expertise. such 
topics must be addressed if policy options are to be turned into effective action on the ground. 
infrastructure must be created to allow policies to be implemented successfully to achieve  
intended results.
to move forward, advocates for state chemicals policy reforms must figure out how to get state 
initiatives started, particularly in the absence of a federal role to lay out initial parameters and 
provide funding. 
m o d u l e  6
implementation of chemical policies within 
states: competencies and institutions
Implementng chemcals polcy reforms at the state level must  
address ssues of choosng nsttutonal forms, assgnng responsbltes, 
obtanng necessary authortes and fundng, securng expertse,  
and “desgnng n” transparency and accountablty
n  aMy d. Kyle
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in most areas of environmental protection, federal agencies play a catalyzing and funding role 
for most states. many environmental protection authorities are delegated to states from the u.s. 
environmental protection agency (u.s. epa), and funding agreements support some percentage 
of state efforts. the interactions also enhance dialogue among states. in the absence of a federal 
role, strategies to allow states to develop capacity and funding streams are needed. 
states undertake some programs that are not federally mandated. management of solid waste 
and oil spill prevention and clean-up are examples. solid waste management is a government 
function that people notice on a day-to-day basis and expect to be addressed. oil spill control 
and clean-up programs first appeared in states where the issue became highly salient to the 
public. it suggests that success will require public engagement and support. 
chemicals policy initiatives will likely need “champions” within legislative and executive branches. 
proponents of change should identify and join forces with strong leaders who are willing and 
able to develop, shape, and push legislation reflecting policy proposals and then to pay attention 
to administrative implementation. such “champions” are especially important in new policy areas. 
they often look for on-going assistance and technical support, ranging from review of options 
to development of language for legislation, to creation of supporting testimony and participation 
in hearings. 
it is also helpful to find allies within administrative agencies. agency leaders can play significant 
roles in building support and creating institutional space for new initiatives. it is difficult to start 
up new programs that lack external mandates and funding without internal champions.
funding is often a make-or-break question. few environmental protection agencies have signifi-
cant discretionary funds unless they can retain penalty or settlement dollars from legal actions. 
this means that few leaders can make commitments to new directions without funding sources 
because doing so would mean pulling away resources already committed to other areas. so the 
question of who pays for chemicals policy initiatives needs to be addressed as an overarching 
policy concern. Whose responsibility is it to pay to reduce the burden of chemical contamination 
in the u.s.?  
clearly, many opportunities are available, and states provide a great venue to try them out. the 
competencies needed and relative advantages of different institutional forms vary with the sub-
stantive chemicals policy options selected. Because the administrative implementation depends 
on policy options chosen, this module does not lay out a series of options. rather, it identifies 
elements likely to be needed under multiple options. 
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C a P a b I L I T I E s  a n D  C O m P E T E n C I E s  F O R  I m P L E m E n T a T I O n     
O F  C h E m I C a L  P O L I C I E s
the adoption of new chemicals policies will require varied capabilities and related competencies 
in the institutions charged with implementation. While the exact mix will depend on the policies 
adopted, several elements apply to many of the possibilities. this section identifies capabilities 
likely to be needed and reviews examples of existing models. 
agencies will need to be able to do these tasks, discussed in the following sections:
• Keep track of information; 
• develop regulations, directives, procedures, and protocols; 
• obtain and assess data;
• disseminate and translate information and judgments for relevant audiences; 
• make decisions about warnings,  substitution, controls, use restrictions, or phase-out  
of chemicals; 
• enforce required policy elements or decisions; and
• provide technical assistance. 
agencies may begin by defining what matters for the implementation of their selected policy 
options. the substantive policy goals need to be considered in terms of what they mean for the 
topics shown above. consideration can mean defining what chemicals are slated to be included 
in a use reduction program, for example. if states are to conduct their own reviews of chemicals, 
then it means defining the traits that will be reviewed. if a program will focus on meeting targets 
for reduction in use or release of hazardous chemicals, it could mean considering how they can 
be measured. an initial strategic review of what the key elements are and who should do what 
to achieve them will inform the development of the specifics.
A. Keeping Track of Information
as indicated in the preceding modules, data and information are important to chemicals policy. 
under almost any policy option, it will be important to keep track of information, make data 
available for analyses, and accommodate sharing of information.
as is true with any evolving policy area, large volumes of new data and information will be gen-
erated over time. moreover, information requirements also will change over time as knowledge 
and understanding increase. to accommodate expected change, both the design for information 
systems and the technology used must be flexible so they can provide enhanced capacity and 
new capability as requirements and knowledge change. this factor has become a fairly standard 
element of systems design. 
the information system will require significant design and resources to integrate the information 
technology (it) system with the “people network” of those who will want to use it. plans to actively 
assist users to learn and grapple with the it system will enhance this connection. the term 
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“knowledge management” is often applied to refer to information systems that integrate  
hardware, software, and human elements and are designed to address both individual and  
institutional needs for information and analysis. 
the information that must be tracked will include the types of technical information discussed 
in previous modules. technical data also will require storage, access, and retrieval. presentation 
of data and findings for public audiences will need to be built into the system. 
equally important is information about programmatic requirements, which are likely to be complex. 
one simple example would be to identify which of the universe of chemicals in use are considered 
to be covered by a reporting system or other requirement. this appraisal could include a few 
listed as “chemicals of concern” or it could start from an inventory of all chemicals in use. examples 
of data elements for chemicals that might be tracked for programmatic reasons are identifiers; 
manufacturers and users; data or testing requirements; any applicable screening requirements; 
results of assessments; any use restrictions or limitations; provisions for “take back” of products 
containing the substance; pending requirements for additional data, assessment, or action;  
and uses reported up and down the supply chain. 
if limitations on access are prescribed as a result of concerns about confidential business infor-
mation, trade secrets, enforcement action, or for other reasons, it would require levels of access 
that vary for different types of users (see massey, module 2).
development of such data systems requires expertise in data management and access, networked 
applications, and data sharing among diverse parties. it also requires input to ensure that the 
needs of the users are accommodated.
particularly for data about the chemicals (as opposed to management of the chemicals by a respon-
sible agency), data management functions could be housed within management agencies or in 
other types of entities such as resource or research centers. however, data and information that 
pertain to enforcement matters, to trade secrets, or to confidential business information generally 
would need to remain in the custody of the management agency.
existing data systems might provide models in certain respects: 
the chemical abstracts service1 provides unique identifiers for chemical compounds. this is 
important because nomenclature used for chemical compounds is not standardized, and there 
are often several synonyms for a single substance. this system supports an enormous number 
of entries and provides a model for identification.
the systems used for federal insecticide fungicide, rodenticide act (fifra) registration and 
tracking of pesticides provide models that may be informative, particularly for records related 
to use restriction, labeling,2 and for records related to individual products.3  the number of 
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chemicals included is smaller than the number likely to be included in a system for industrial 
chemicals. public access can be difficult because information is distributed into multiple sub 
systems and because some data has to be downloaded and transferred into database software. 
an information system developed by the organization for economic co-operation and develop-
ment (oecd) can be searched for records from several sources for individual chemicals.4  these 
sources are reported separately. this system provides more complete and accessible information 
but does not reconcile various sources into a consistent and understandable format. 
some of the data management systems of the national library of medicine, particularly toxnet, 
might offer useful models because the design provides a unified window into various databases. 5  
however, data have to be searched individually by chemicals and some of the information is 
retrievable only by paying a fee. 
B. Developing Requirements, Regulations, Protocols, and Procedures
decisions and actions by government agencies differ from those of individuals or other kinds  
of institutions because the government has an obligation to conducts its business and impose 
requirements in predictable and transparent ways. central tenets of administrative practice are 
that everybody is to be treated the same way and that everybody should be able to understand 
what the rules are. this framework imposes a significant burden on agencies to articulate in advance 
who is required to take specific actions, exactly what the actions are, and what the consequences 
of taking the actions or failing to take the actions would be. governmental agencies generally 
cannot easily improvise or “make it up as they go along.”  it also means that it is difficult for 
agencies to rapidly adjust and adapt as they learn more about the nature of the problem. they 
have significant information burdens to meet that are different from what other kinds of organi-
zations face. agencies often need to develop written policy statements, regulations, directives, or 
protocols. meeting this obligation can be technically and politically demanding, partly because 
administrative actions and agencies are closely scrutinized by entities that they regulate. this 
section covers examples of areas for such requirements and protocols. 
Informaton needs
the modules in this report have emphasized needs for information about chemical traits and 
uses. the information needs for policy initiatives should be defined. 
if a state is to review individual chemicals, then an initial need would be to identify the traits of 
concern. examples might be topics such as “aquatic toxicity” or “potential to cause cancer.”  defining 
traits of interest remains an area of active policy debate. much of the work being done in chem-
icals policy focuses on hazard traits that have been under discussion and review since the 1970s 
and few have incorporated more recent scientific findings about the importance of endocrine 
disruption, immune function, or neurological or neurodevelopmental effects, for example. states 
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will have to decide whether and how to address them. a second consideration is whether to 
focus on intrinsic properties of chemicals, which can be assessed one time and which do not 
change with use patterns. such traits include physical and chemical properties, including persis-
tence and tendency to bioaccumulate, as well as toxicity in all its forms. the globally harmonized 
system for hazard data organizes data about chemical traits that are intrinsic, for example.6  some 
policy approaches also consider in chemical reviews information about exposure to chemicals. 
as noted elsewhere, exposure is not an attribute of the chemical itself, though certain chemical 
traits can increase the likelihood of exposure in particular circumstances. studying exposures can 
be informative but imposes extensive additional information burdens on the agency. Knowledge 
of the current state of research and science is helpful for an agency to select traits of importance 
for a particular policy context. 
additional kinds of data in addition to data about traits of chemicals may be needed by some 
policy approaches. information about production volume or chemical use is important to many 
policy alternatives and is needed, for example, to plan or evaluate use reduction projects and 
produce inventories of materials in use. 
policies that involve substitution or alternatives assessment, for example, require capacity to 
ensure that data are available to allow selection of alternatives that are truly safer. it would be 
important to make transparent what is known about the important chemicals traits. 
the information needs for chemicals policy are extensive and may require ability to interpret 
data as well as to collect it. 
similarly, if chemicals policies require assessment of lifecycle impacts, then additional factors 
also must be considered. strategies that focus on products would have to develop information 
requirements and assessment approaches relevant to products. 
Data Qualty
ensuring the quality and validity of data and information submitted is important. especially if 
data production requirements are imposed on manufacturers or users rather than independent 
research institutions or government entities, confirming data submittals would be an important 
responsibility.
there are two principal means to verify data submittals. one is to provide oversight of laboratory 
operations through some form of certification or accreditation program. such programs are 
commonly employed for private laboratories that perform tests that are required by government 
agencies such as public health agencies. such laboratories might run, for example, samples of 
drinking water required under federal and state monitoring requirements.7  certification can 
include requirements for proficiency testing, lab audits, and use of established methods. 
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certification for particular methods of analysis is also applied to state-run laboratories, such as 
those used in meat inspection programs.8 certification for particular methods of analysis is also 
applied to state laboratories. maintaining accreditation usually requires accurate performance 
on test samples provided by the certifying authority and audits of laboratories’ procedures,  
including but not limited to quality assurance and quality control.
such methods are better suited to ascertaining and documenting technical competence and 
performance than to detecting fraudulent results. they are also more common for analytic 
methods than for the types of bioassays often used for toxicity testing.
a second approach would be to use a different laboratory to reproduce results submitted to meet 
mandated data requirements. such approaches do not appear to be as common as verification 
mechanisms in existing public health and environmental protection programs. 
some laboratory activities that have produced questionable data under other programs have 
been revealed by whistleblower reports from persons engaged in the work. it would be useful 
to consider providing whistleblower protection or perhaps rewards if interested parties are to 
be allowed to produce their own test data.
Quality and validity of data has been a challenging issue for all chemicals policy initiatives, in 
part due to the technical challenges associated with the methods used and in part because the 
policy outcomes are highly contested. the issue will require sophisticated attention from states. 
Programmatc Requrements
agencies adopt a wide array of procedures, regulations, and guidance to spell out specific pro-
grammatic requirements and what various parties have to do. much or all of the requirements 
must be adopted through rule-making processes, which require notice and comment periods, 
as well as consideration and response to comments. Because of the complexity of many policy 
elements, considerable resources may be required for the procedural aspects of adopting such 
rules and procedures. 
With regard to data and information, one key area would be to spell out who would develop or 
submit data required for the policy options adopted in each state. rules would be necessary for 
each type of data and should define how acceptable data could be generated, addressing the 
issues of data quality.
C. Assessing Data and Characterizing Results
after an agency has decided what matters to its policy approach, a next step is to decide how 
to assess or interpret the information about the identified factors. the task could be done by 
identifying acceptable sources of existing information or by identifying acceptable means of 
producing new information.
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as noted in the other sections of this report, data of many kinds may be relevant for chemical 
policy, including data about physical and chemical properties, acute effects on humans or  
animals or in assays, chronic or long-term effects, and so on. 
the issue is probably of greatest concern in assessing information about traits of chemicals; key 
steps are to decide what kinds of data or test results will be accepted to determine the chemical 
traits. denison (see module 1, denison) reviews options for data. none of the existing approaches 
is without controversy, unfortunately. and while it is possible and probably appropriate to rely 
on accepted testing methods for some traits, there are no generally accepted methods for some 
important traits of health concern. among chronic effects, existing methods that are generally 
deemed to be acceptable exist for detection of mutagenicity, carcinogenicity, effects on certain 
target organs, and more obvious reproductive effects. test methods for carcinogenicity have been 
controversial. technical review of methods include adequacy of dosing with regard to timing and 
mode of delivery, power to detect effects, sufficiency of breadth of effects that would be found, 
relevance of route of exposure, adequacy of treatment of substances to avoid volatilization  
and other loss, and so on. 
the key point is that an agency must have considerable expertise to make judgments about 
what kinds of data and information it will accept. 
there is considerable interest in the development and validation of new methods such as shorter-
term assays. as a practical matter, new methods may be needed because the data stream has 
been reduced in the u.s., partly a result of decisions by the national toxicology program to greatly 
reduce testing. the national academy of sciences recently released an analysis suggesting  
evolution in approaches toward testing.9  
the critical issue is that, while deficiencies of existing methods have been identified, new methods 
are not available. older methods are being questioned but replacement methods do not actually 
exist. there is no easy way for states to move into a new paradigm. 
to agree on new methods would likely require considerable resources and significant time as 
well as mastery of the capabilities of existing methods, the relationships between short-term 
and long-term tests, and the limits of testing methods that exist to date. 
it is also relevant to recognize that the issues to be addressed will not only be scientific. it can 
be anticipated that the materials interests of manufacturers to minimize testing requirements 
will be expressed during any developmental or review process. 
for each major type of effect, multiple specific forms of data or test results could be submitted. 
in addition, for some compounds, studies in human populations, often in workplace settings, 
also may be available for consideration. for many policy options, some entity would assess the 
data available to reach summary conclusions that can be issued into forms that allow for policy 
action and comparison of different chemicals. 
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synthess and Characterzaton
summary and synthesis of the data (experimental results and reports, published articles, other 
analyses) into a form that provides an official or credible interpretation of what they mean taken 
together might take the form of the development of an analogue of the “toxicity values” (for 
example, reference doses or cancer potency factors) that are reported into the inegrated risk 
information system (iris) database of the u.s. epa or some other form. the point is to provide 
an expert consideration of all the relevant information and production of a standard way of  
characterizing what it means that can be compared across chemicals. 
there are some existing models for assessing data, but all operate over a long time frame. all 
require some competency in interpretation of data produced through a variety of test methods. 
the greater the array of traits included in the data requirements, then the greater the breadth  
of expertise needed to integrate and interpret the data. 
for example, the international agency for research on cancer (iarc), an independent scientific 
organization sponsored by the World health organization and the french government, identifies 
chemicals or compounds that cause cancer.10  iarc may commission meta analyses (combined 
analyses based on several studies) and conducts full literature reviews. it convenes panels of 
experts on the chemicals or compounds that it assesses to review all of the available information 
about chemicals and then to classify the chemical with regard to whether it causes cancer. iarc 
does not provide any basis for comparison of the potency of individual chemicals or compounds. 
iarc has recently adopted guidance to prohibit participation in the deliberations of its expert 
panels by persons including scientists with conflicts of interest due to financial ties with entities 
that manufacture or profit from the use of the chemicals or compounds undergoing review. 
in the u.s., the national toxicology program (ntp) has performed a similar role and issued a report 
on carcinogens in alternate years to identify chemicals that are “known” or “reasonably anticipated” 
to be carcinogens. the most recent edition includes 58 compounds “known” and 188 “reasonably 
anticipated” to cause cancer. 11 ntp convenes expert panels to review chemicals. it also has authority 
and facilities to conduct tests of chemicals. ntp conducts similar reviews for reproductive toxi-
cants, though that effort is less extensive. ntp accepts nominations for chemicals to review.  
like iarc, ntp does not produce quantitative estimates of the potency of toxic actions. ntp  
is housed in a government- funded research institution.
in its iris and associated reviews, u.s. epa conducts a third assessment process for chemicals.12 
unlike iarc and ntp, u.s. epa does not restrict the types of outcomes it considers. the agency 
conducts most of the work internally, though draft documents are submitted for external peer 
review. generally, epa reviews evidence and studies related to cancer separately from those for 
non-cancer effects such as reproductive effects, neurodevelopmental effects, immune effects. 
epa, like iarc and ntp, classifies chemicals with regard to the strength of evidence for whether 
they cause cancer. epa also seeks to identify a “critical effect” among the non-cancer effects. this 
effect is one that occurs at the lowest dose (that is, after the least amount of exposure to the 
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chemical). if sufficient data are available, u.s. epa develops a quantitative estimate to reflect  
the strength of the action of each chemical, doing this separately for cancer and for non-cancer 
effects. these values provide a way to compare the relative potency of different chemicals. 
through its history, iris has assessed fewer than 600 chemicals. 
all of these review processes are time consuming and cannot keep up with chemical use. states 
may want to adopt the results of the reviews by these groups but also need faster methods to 
assess data about chemicals. 
these models for assessment are removed from requirements to submit or acquire data. only the 
pesticides registration program under fifra in the u.s. 13 and the california analogue program 
have the authority both to require the submission of data and to assess and then ultimately to 
act on the data. if state programs allow the same entities to review data and also require submittal 
of data, it may be possible to move toward more uniformity and completeness in the data avail-
able, which could make it faster and easier to come to a conclusion about the hazard traits of 
the chemicals. 
usng Consstent and Comparable Protocols
one option that might reduce the considerable burden would be to better standardize testing 
requirements so that chemicals are tested using more consistent and comparable protocols. doing 
so would reduce the need for interpretation and integration of data of different types and facili-
tate the comparison of different compounds. for specified data submittals, streamlined processes 
to convert experimental results, associated reports, or published articles into understandable 
entries could be established. this process needs to be designed so that it is largely self-executing, 
so data are swiftly made available. 
a second option that might increase the pace of assessment of chemicals data would be to vest 
the responsibility in an independent agency that is not subject to lobbying by self-interested 
parties.
a third option would be to create health-protective defaults that would remain in place until 
assessments were completed. this approach is somewhat similar to the one used under propo-
sition 65 in california.
it is also important to note that all of these processes and models are geared toward assessment 
of chemicals expected to pose health hazards. the methods are not designed or geared toward 
identifying or assessing chemicals that might pose little or no hazard. they may not offer useful 
models to identify “safer” chemicals or to confirm that compounds represented as reflecting 
“green chemistry” are not toxic. if we shift our attention to finding materials with no or lower 
hazards, then perhaps the testing and assessments also could shift. it may be less important to 
document all hazards of the “bad” chemicals than it is to find the chemicals that have none of 
the hazard traits. 
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current methods for assessing chemical traits are too slow and cumbersome. data requirements 
must be better linked to assessments, so that the assessments are based on all of the relevant 
data and so that the patterns of data provided are more consistent and so more easily interpreted. 
more attention is needed to find the no and lower hazard materials, and it may require different 
methods.
D. Disseminating and Translating Data and Judgments for All Audiences
how to provide meaningful information to people about chemicals has received little attention. 
characterization, translation, and dissemination are important because a variety of audiences 
and entities influence chemical use choices. they include both purchasers and users of chemical 
products and individual consumers. if a state policy includes actions by these entities, then  
particular attention to dissemination and explanation is needed. 
some form of coding or scoring is likely necessary to allow people to compare results for different 
chemicals. if state programs include elements for action by external parties, design of information 
to meet their needs is important. 
for consumer audiences, the principal interest is in products rather than in ingredients. this means 
that the chemical hazard information must be provided for ingredients in products that people 
purchase. one approach might be to establish separate labeling requirements for consumer 
products, independent of what is required for chemical use reporting. there is a precedent for 
informing people about what is contained in their products, in fifra, which requires labeling, 
except of inert ingredients, in california’s proposition 65, which requires notification of exposure 
to carcinogens and reproductive toxicants if exposures are likely to create risks over safe harbor 
levels, and in the newly adopted safe cosmetics act in california, which requires labeling of cos-
metics containing carcinogens, mutagens, or reproductive toxicants. some precedent also exists 
in the hazard communication standard of the occupational safety and health administration 
(osha), which requires materials safety data sheets (msds) for chemicals used in workplaces.
how the “missing” data are represented is also important and may influence whether “precau-
tionary” decisions can be made. if missing data are treated as lack of evidence, it reinforces the 
status quo and does not create any incentive to provide the data. dissemination strategies need 
to show missing data as negative. When there are legitimate reasons test results are not needed, 
of course, such findings also should be included.
defining ways to explain what is learned in state policy initiatives is important to building  
support and a base for action.
E. Making Decisions
as noted in other modules in this series, government agencies may be called upon to make many 
different kinds of decisions as part of chemicals policy programs. different kinds of decisions 
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require different kinds of expertise, information, analyses, vetting, dissemination, and imple-
mentation. 
the overall process of specifying government requirements might be seen as focusing in three 
areas — defining scope, actions, and consequences.
the term scope is meant to refer to what or who is covered by government mandates or require-
ments. for chemicals policy, it could mean what kinds of entities are regulated (for example, 
manufacturers, secondary users, purchasers or importers of chemicals, or of products) and what 
kinds of actions are to be addressed. the scope of the massachusetts toxics use reduction act 
program, for example, might be described as including entities that own or operate facilities 
that manufacture, use, or process chemicals found on certain specified lists in volumes greater 
than certain specified amounts. the scope includes specification of entities, actions, and targets.
the second aspect is to decide what actions are to be done under the scope of the initiative. the 
agency will have to decide who will be required to act or give mandates to act under certain 
conditions. examples of kinds of actions that have been discussed include:
• reporting uses of chemicals included under the scope; 
• providing data and information about chemical hazard traits;
• developing chemical use management or use reduction plans; 
• conducting monitoring or biomonitoring; 
• adhering to use restrictions or phase-out;
• providing warnings or labels; and
• reporting information about hazard traits. 
the third aspect is to address consequences. What happens if a regulated entity takes the required 
actions and what happens if it does not?  the government agency usually has to provide some 
guidance, though considerable discretion remains to the agency in most cases in seeking either 
administrative, civil, or criminal penalties available. how will the agency assess whether the  
performance was adequate or whether penalties are appropriate?
While much attention goes to decisions about chemicals and how to assess or describe or priori-
tize them for various purposes, the information needs of government agencies to support all  
of the decisions relevant to chemical policy implementation are far broader.
for new institutions, actions by legislative bodies, in this case state legislatures, are usually neces-
sary to give an agency or agencies legal authority to take actions and make decisions. legislatures 
also must provide or authorize funding and positions to carry out these functions. for any such 
policy approach, a statute typically would provide guidance to an executive or administrative 
entity that would then be authorized to take action to implement the statutory authority.
the executive or administrative agencies hire staff into authorized positions, acquire space,  
obtain equipment and support services before they begin to perform the mandated functions. 
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it usually begins with what needs to be done and consideration of the best ways to do it.  
steps involve both substance and process. 
such administrative or management programs require:
• identification of information needs and then a data stream to provide information  
necessary to make decisions; 
• an administrative process to allow for the systematic review of the needed information 
and for consultation with other parties as appropriate;
• substantive criteria and procedures for making decisions;
• mechanisms to advertise any opportunities for public, interagency, or other external  
review or participation;
• means to describe and disseminate the decision, such as a permit, license, plan approval, 
language for a label;
• verification of any limitations on actions or follow-up for further mandates activities  
such as development of a plan; and
• process to track information, analysis, decisions, and follow-up.
F. Enforcement of Required Elements 
all of the requirements for data generation, use of specified experimental and laboratory methods 
and protocols, reporting of results, adherence to specified use restrictions or bans, reporting  
of chemical use, labeling, and so on will require capacity for enforcement. there must be some 
verifiable way to ascertain what the requirements are and whether they have been met. require-
ments generally are adopted in the form of regulations, though other options are sometimes 
possible. it means that entities responsible to carry out specific tasks must be identifiable. some 
entity should be authorized to acquire information about whether the tasks have been carried 
out and whether data and information submitted is truthful (that is, not fraudulent). it usually 
requires authority for inspection, verification, and acquisition of records through subpoena or 
other means. there must be capacity to hold some entity accountable for failures to carry out the 
required tasks. there must be some means of identifying who is responsible and for instituting 
penalties in cases of failure. penalties must be severe enough to deter non-compliance. 
penalties available to executive agencies generally include:
a) administrative penalties (that can be administered directly by the agency; these typically 
involve fines or revocation of authorizations to conduct business or to emit pollutants).
b) civil penalties that are ordered by a judge as a result of a claim filed by the administrative 
agency through the courts. typically, they involve higher financial penalties or more wide-
spread orders to cease and desist operations. 
c) criminal penalties are enforced through the criminal justice system, typically as a result of 
an investigation conducted in cooperation with law enforcement agencies such as state 
troopers, a criminal division in a state department of law or justice, or the federal department 
of Justice. such penalties can include jail time or probation. these penalties can be most 
effective in gaining attention from corporate entities that are often not much affected  
by administrative or civil penalties.
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environmental protection agencies usually are more familiar with enforcement and compliance 
than public health agencies. in fact, environmental protection agencies, especially at the state level, 
and especially in states that do not have substantial scientific expertise within their agencies, 
view themselves as primarily compliance and enforcement entities. these agencies are likely  
to be better situated to enforce defined requirements for chemical policies than to be able to 
develop them in the first place.
the difficulty in enforcing chemicals policy requirements would be to put them into terms that 
make it fairly straightforward to determine whether they have been met or not. they need to be 
clear, verifiable, and actionable. however, little in this history of chemicals policy has taken this 
form, and most interactions between agencies and regulated entities have involved consider-
able discussion, negotiation, and interaction. Both the tsca and fifra processes display these 
attributes. how to take this to requirements that can be broadly understood and enforced will 
require attention to specificity. states may be better able to accomplish it than the federal  
government. 
G. Providing Technical Assistance
as has occurred with pollution prevention, some approaches to chemicals policy may incorpo-
rate a significant emphasis on providing outreach and technical assistance. technical assistance 
can be a cost effective means to convey information and change practices.
technical assistance could be extended to any of the targeted audiences for chemical policies. 
technical assistance could aim to convince groups to help them better understand data about 
chemical hazards as well as the importance of data gaps and ways to identify and pursue safer 
products.
technical assistance could be extended to purchasers of chemical products as well, to help them 
determine how to select environmentally benign products or processes. technical assistance  
to chemical manufacturers and users could help them analyze their practices and identify ways 
to improve. the massachusetts toxics use reduction institute provides technical assistance to 
businesses and also provides training to toxics use reduction consultants who then work with 
regulated entities. technical assistance can also be designed to help regulated entities comply 
with requirements. such assistance is often best offered directly by an agency.
a final form of technical assistance would be to provide on-going support and assistance to civil 
society by helping varied organizations better understand and respond to the challenges of 
widespread use and release of toxic substances.
these various forms of technical assistance could be housed in government agencies, non- 
governmental organizations, or educational institutions. those that are most clearly related to 
understanding agency requirements and data sources might be housed in agencies. technical 
assistance geared toward user groups could be housed in any form of institution.
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Because states often have close working relationships with businesses, they can be well posi-
tioned to develop credible technical assistance programs and gain voluntary cooperation. 
institutions are important for creating continuity and capacity for progress in government initia-
tives. institutions can create a sense of purpose and culture directed toward achieving defined 
ends. they can marshal resources and act in ways that enhance understanding and create policy 
space to achieve objectives. these functions go beyond administration of programs. 
how new responsibilities are placed within the existing array of institutions, and whether new 
institutions are created, can affect what happens. 
political scientists use the term “venue shopping” to refer to choice of institution to engage in a 
policy issue. the term can refer both to type of institution (legislative, judicial, or executive) and 
to the level of institution (local, state, federal, or international). Because institutions differ in areas 
of interest and associated forms of analysis, different venues may produce different policy out-
comes. this phenomenon has probably been most fully explored for pesticides policy in canada. 
in this case, appeals to local city councils to take action to reduce “cosmetic” use of pesticides for 
lawn and gardens were widely successful. however, appeals to agencies responsible for managing 
pesticides were not.14  one reason was that the city councils viewed themselves as responsible 
for the health and well-being of people under their jurisdictions. also, non-expert city council 
members were better able to make common sense decisions to reduce unnecessary use of pes-
ticides in the face of possible hazards to health. By contrast, agencies responsible for managing 
pesticide chemicals viewed themselves as having a dual mission to both manage and promote 
use of pesticides. the sense of mission of an institution is relevant to how it will approach a  
particular issue. 
political scientists also provide insights with regard to salience and complexity of public issues. 
to the extent that issues are perceived as being salient, meaning that they affect many people in 
important ways, and not too complicated, they are more likely to be addressed by representative 
institutions such as legislatures.15  to the extent that issues are perceived as being too compli-
cated for a general audience to understand, they tend to be addressed in expert settings within 
government agencies, with less input and participation from those who may be affected. the 
perceived level of complexity of policy options adopted may affect what kind of audiences and 
institutions remain engaged in their implementation. highly complex schemas are not likely to 
receive sustained participation or scrutiny from the public interest community. 
how to design the right kinds of institutions for chemicals policy at the state or federal level  
has received little attention. other models may be instructive. for example, the food and drug 
administration (fda) is responsible for assessment, characterization, and management of phar-
maceuticals. it is located within a health agency and is part of the public health infrastructure.  
I n s T I T u T I O n a L  F O R m s
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it is most closely allied with the medical community. the agency oversees a testing program 
conducted by the industry that, while flawed and subject to conflicts of interest, is still far more 
sophisticated, better defined, and more rigorous than anything that exists for industrial chemicals. 
one essential difference relates to the legal authorities in that the fda is charged to ensure that 
pharmaceuticals are both safe and effective. the model is imperfect but illustrates that it is pos-
sible to be far more serious about creating an effective institutional form than what has occurred 
with industrial chemicals.
Within states, institutional forms for environmental protection and environmental public health 
vary enormously. some states put environmental protection and environmental public health 
in a single agency, as is done in south carolina. some states separate them, but the institutions 
into which the two parts go vary. some states put environmental public health into larger agencies 
that provide public assistance and health services. some put it in public health agencies, as was 
done with the recent creation of a department of public health in the state of california. environ-
mental protection can be placed in a single purpose agency such as the Washington department 
of ecology, or it can be combined with resource management functions in departments of natural 
resources. so, when we consider institutional forms to both house and nurture chemicals policy 
initiatives, we begin with a great diversity of existing arrangements. 
A. Multi-State Organizations
multi-state organizations might play a useful role in chemicals policy implementation for states. 
Because of the range of needs and responsibilities required for chemicals policy, it is likely to  
be difficult or impossible for most states to mount a full program by themselves, for reasons of 
funding, expertise, and political support. so, a possible role for multi-state organizations may 
be worthwhile to consider. 
some existing models may be relevant. one might be the pollution prevention roundtable, which 
is a membership organization that caters to states but also provides a forum for discussion among 
a variety of entities that include state and federal agencies, individuals from resource centers, 
industry representatives, and others.16  this roundtable provides two key functions of a multi-
state organization. it compiles and disseminates resources and experiences among its members. 
it allows for exchange of information and group learning and it provides an opportunity for align-
ment of perspectives among participants. the roundtable does not perform other functions that 
would be needed to implement policy, such as to operate programs, adopt requirements, or 
render decisions that are binding in any way. it also does not appear to offer advice to states 
about how to do so. 
another instructive example of a multi-state organization would be the northeast states for 
coordinated air use management (nescaum). this organization is an association of the air quality 
agencies of the northeast states.17 it is explicitly a multi-state organization and does not invite 
other members. it provides a venue through which states can coordinate decisions and actions 
on air quality issues. nescaum is more developed as an institution in that it takes actions to 
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achieve outcomes identified by state members. nescaum is more than a forum and venue for 
alignment in thinking because it takes positions and conducts analyses in support of the policy 
interests of its members. specific regulatory actions, however, such as issuing permits or taking 
enforcement actions, would be done under the authorities of the member states. nescaum  
is funded in part through federal air pollution funds. 
multi-state organizations for chemicals policy could take multiple forms, with different degrees 
of responsibility (see appendix for a detailed overview of one such model, an interstate chemicals 
clearinghouse). a minimum level of interaction could provide for information sharing and group 
learning and alignment in thinking, along the lines of a forum or roundtable. a second level of 
interaction could involve joint inquiry or analyses targeted toward the policy interests of the 
member states. states could cooperate and work together to explore approaches and develop 
comparable information. a third level could involve a more formal arrangement for shared func-
tions, such as perhaps data management and collection. one might imagine that states might 
cooperate to devise and implement data systems for chemical use data, for example. they 
could develop a common approach to nomenclature and reporting. 
a fourth level would be to create an organization that could jointly develop management or policy 
approaches intended to be formally adopted by individual states through legislative or admin-
istrative actions with an intent for cooperative implementation. this approach would require a 
far higher degree of interaction, as states would seek to develop policy approaches that could 
be supported by all. it would obviously be difficult, since individual states vary in terms of inter-
ests of their political leaders and legislators, as well as resources available and existing capacity. 
there is also a “chicken and egg” problem in that it would be difficult to obtain state participation 
until some advance work had been done, but it would be difficult to do much advance work 
without state participation. it would typically require some commitment of political leaders to 
obtain resources to allow state representatives to participate. such a group would require time 
to develop effectiveness and cohesion and to perhaps get to a point to propose joint initiatives 
and then seek funding from states. it would seem to be a challenge to obtain state participation 
in the beginning. there is no analogue available for the federal funds that contribute toward sup-
porting nescaum, for example. states may be sensitive to demands that appear to be “unfunded 
mandates” or impose claims on their time and resources without providing funding.
perhaps one way to develop such an organization would be to begin with grant-based extramural 
funding. funding would likely have to be sustained for quite a few years to allow discussion and 
initiatives to mature to the point where funding from individual states might be won. it would 
likely be necessary to provide financial support for participation by some states indefinitely. it  
is far beyond the scale of funding that has typically been available for states from foundations.
governance requires particular attention in a multi-state organization because such an organi-
zation does not have the chain of command or hierarchy that establishes governance within 
most agencies. a multi-state or even a hybrid or networked model of organization would have 
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to decide who has the authority to pose issues, what process is to be used for vetting or review, 
and who then makes decisions. processes that allow broader participation by allowing many 
individuals to pose questions or issues for decision or that allow wide participation in review and 
vetting can be time consuming. it is a particular concern if participants are not co-located, so cannot 
rely on informal communication channels to help share information and process alternatives. 
choices also need to be made about accountability for multi-state organizations. in typical  
government organizations, governance is addressed through a hierarchical chain-of-command 
model. authority to make decisions is typically specifically delegated. review and vetting occur 
through relevant units of the organization though they may also involve advice from other  
organizations. disagreements can be resolved through the chain of command, which  
typically converges at the cabinet level or below. 
for multi-state organizations, the same kind of hierarchical relationships between participants 
do not exist. some form of governance body or board of directors must be consciously created 
to set policy parameters and objectives. such a group can oversee work of a staff, as an executive 
director and employees, or of members of the group itself. however, it is difficult to compel any  
kind of contribution, and such a group can function to the extent that it can maintain a common 
view about what to do and how to do it. hybrid or networked models also raise similar questions 
about governance and accountability. 
maintaining cooperative and collaborative efforts over time can be difficult. people who bring 
the original energy to ground groups may move onto other areas. it is not necessarily the case 
that those who followed will be as motivated to take the actions needed to maintain cohesion 
and to achieve results. also, few talented people in government have significant resources of 
unallocated time. new projects are added on top of old ones. While extra time commitments can 
be sustained for a year or two, they cannot usually be sustained indefinitely. so, institutionalization 
and support are needed. 
states may benefit from pooling resources and expertise in multi-state organizations directed 
at chemicals policy, but finding ways to get started would be challenging. 
B. State Institutions
individual states also face decisions about institutional forms for chemicals policy implementation. 
several kinds of institutional forms might be considered. they include creating a single-purpose 
chemicals agency, developing a program within an existing public agency, creating a hybrid orga-
nization that combines elements of public agencies with elements of research entities, networking 
different entities together, and participating in a multi-state organization.
perhaps most straightforward would be to establish a public agency that is responsible for all 
aspects of chemical policy. the agency would house the data system, conduct assessments,  
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develop and promulgate rules, procedures and protocol, disseminate information; make  
management and regulatory decisions; and conduct enforcement actions. 
there does not appear to be an example of such an agency in the u.s. the swedish chemicals 
agency (Kemi) might be the closest example.18  the advantage of such an organization would 
be to provide the greatest degree of internal coordination and unity of purpose and to provide 
a focal point for the development of expertise and capacity. putting all functions within a single 
organization means that any disputes or turf wars can be resolved within the organization. the 
disadvantage would be the cost of building new capacity and the lack of integration with  
other operational areas.
a second option would be to establish a chemicals program within an existing state agency, 
most likely a public health, environmental health, or environmental protection agency. this  
approach would develop a new focus area within an agency with a broader mission. 
its advantage would be that the new functional areas could build on existing resources and sys-
tems, rather than beginning anew. they might include data management, rule making, and en-
forcement capability. a second advantage would be to fit chemicals policy within a broader en-
vironmental protection or public health mission that had existing political and institutional sup-
port rather than to create an entity that might be politically isolated. an example of this kind of 
an agency would be the pesticide registration and use reporting system in california.19  the pro-
gram is largely housed within the department of pesticide regulation, which is part of cal epa, 
though the implementation is conducted through county agricultural commissioners, who are 
independent, and risk assessments are conducted by a different office inside cal epa.
a third option would be to create an independent institution that integrates elements of public 
agencies and research organizations. the toxic use reduction institute in massachusetts is an 
example of an independent organization that has both elements. the advantage of such a hy-
brid form of organization is that it can have a unified focus and that it can bring the knowledge 
base of a research institution to the implementation of a program.
a fourth option would be to use different organizations to perform different functions and to 
link them through an operational network model. for example, the information and knowledge 
management systems and perhaps the information dissemination responsibilities could be 
vested in an independent organization like the national library of medicine. the assessment 
functions might be vested in a scientific or professional organization. the decision-making  
and enforcement functions would likely be vested in a public agency. 
critical issues to be addressed in designing any form of administrative implementation  
are funding, transparency, and accountability to the public, and expertise.
C R O s s - C u T T I n g  I s s u E s
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A. Funding
obtaining sufficient funding to support implementation of chemicals policy is an important 
challenge. it is particularly true at the state level, where many environmental health and environ-
mental protection programs depend on federal support. funding for public health and environmental 
protection programs is difficult to obtain in states. there is little base of state funding in envi-
ronmental health, and even large and wealthy states such as california are highly dependent  
on federal dollars and grant funding for basic environmental health programs addressing such 
critical priorities as asthma, for example.
environmental protection agencies generally have greater general fund support but still rely  
on federal matching dollars. state programs are often funded to allow for delegation of federal 
responsibilities. state environmental protection agencies also have in many cases adopted fees 
to support review, permitting, and inspection programs.
it seems to be easier to pass legislative initiatives to create new state authorities in environmental 
health than it has been to gain state general fund support for them. this fact suggests that more 
focused attention on funding strategies is needed. few non-governmental organizations that 
promote chemicals policy reform have extensive knowledge of budget processes or track records 
of success in getting significant state funding for new initiatives. in some cases, legislation for new 
initiatives is passed but lacks sufficient funding or provision for administrative implementation. 
Because state budgets are usually developed using the current level of existing funding as the 
starting point or baseline, it is very difficult to inject new funding. all new funding is highlighted 
for intensive scrutiny in such a budgeting process, even if the base is highly inadequate. proposals 
for any enhanced funding or new programs usually have to compete for a limited pool of resources. 
two principal options exist for funding state programs. one is to appropriate funds from the 
general fund supported by the overall revenue stream of a state. the second is to create specialized 
fees or revenue streams specifically to support implementation costs. such revenues or fees 
could be obtained from entities that are regulated by the state or receive benefits or services 
from the state.
to support implementation of new legislative proposals through general funds, typically some 
form of fiscal analysis or “fiscal note” would accompany a legislative bill. the form that this takes 
and the exact way that it interacts with the state appropriations process vary. generally, a fiscal 
analysis accompanies a substantive bill through the series of hearings before committees with 
policy jurisdiction (usually environmental quality, health, or natural resources committees.)  then, 
a bill with fiscal demands will typically be referred to a finance, budget, or appropriation com-
mittee, where the fiscal impact is assessed. exactly how the findings of the finance committee 
mesh with the state’s budget process varies from state to state. 
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it is important to understand how funds can be appropriated and to follow this process as  
carefully as the legislative process. 
states also differ with regard to when such a fiscal adjustment initiated by legislation is visible 
in state budget documents and with regard to whether such a specific line item can be vetoed 
by the governor as part of a budget bill. 
the second approach to funding is to create a fee structure. in california, for example, the state 
runs a program for pesticide review and registration that also includes authority to require testing 
data, authority to impose use restrictions or to ban uses, and oversight of applications, as well as 
mandatory reporting. this program is supported by a “mill” tax imposed on the sale of pesticides 
in the state.20  the model would seem to be a plausible way to support chemicals policy as well. 
congress passed an act in 2003 authorizing u.s. epa to collect fees for some of its activities  
related to pesticide registration as well, though it was coupled with shortened time frames  
for review.21
in massachusetts, the toxics use reduction act, passed in 1989, established requirements for 
large chemical users to plan to reduce their use of identified toxic substances. it also created the 
toxics use reduction institute and a program of training and technical support. they are funded 
through fees assessed on the use of toxic substances.
there are some complexities in constructing fees, depending on state laws. some states preclude 
“dedicated” revenue streams. dedicated fees are those that come from a particular revenue source 
and are then “dedicated” to providing funding for a particular project. in states that prohibit such 
fees, fees must be paid into the treasury and then specifically appropriated to the agency by  
the legislature. states also may have rules that limit the purposes for which fee dollars may  
be spent or distinctions between “fees” and “taxes.”
focused attention on funding is essential to successful state policy.
B. Transparency and Accountability
providing for public transparency and accountability is essential to maintain a public interest focus 
in government. the continuing impetus for progressive action is maintained through involvement 
of the public interest sector.22  designing ways to ensure that this oversight and involvement is 
integral to the design and implementation of chemicals policy will be essential.
several elements of government initiatives can contribute to or detract from transparency  
and accountability. 
transparency refers to making it possible to see and understand what decisions are being con-
templated and why, decisions that have been made, program requirements, results of reviews, 
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or analysis and reason for conclusions reached. transparency means that the government explains 
what it is thinking of doing and why, what options it is considering and reasons for them, what 
it expects to be the results of its actions and decisions. it also requires that the results reached 
or information obtained be visible and accessible to outside parties.
accountability requires transparency but is not the same. accountability concerns whether the 
needs of stakeholders are considered in government actions and whether promises and com-
mitments made are honored in meaningful ways. accountability is also about whether goals or 
objectives identified for initiatives are met. it requires an articulation of what is to be accomplished 
followed by an honest and meaningful assessment of actual results to identify both successes 
and failures. When failures are experienced, accountability means best efforts to understand why 
and to plan or adjust to new approaches to achieve the purposes of the initiatives. accountability 
can be increased when all of the inputs to any assessment are transparent so that analyses  
can be verified independently. 
mechanisms to promote transparency include active outreach to maintain awareness and  
connectedness between the government agency and its stakeholder communities, both of 
which will change and evolve over time. combinations of old and new media methods are  
usually best to meet communication needs of diverse audiences. active communication  
and updates allow stakeholders to identify issues of concern. active review and vetting  
of proposed actions allow an agency to address concerns raised.
transparency takes time and effort. it may be perceived as creating conflict because stakeholders 
have different material and public policy interests and will not always or often agree about best 
approaches. transparency can bring these differences into focus but does not actually create 
them. it does allow an opportunity to address them within a program or initiative. transparency 
can to some degree level the playing field between entities with greater resources and those 
with lesser resources because transparent processes require less time and energy to understand 
and track. so, transparent processes are more accessible to those outside the inner circle or not 
able to pay attention to the day-to-day workings of government. however, transparency does 
not eliminate the need for time, expertise, and commitment in any audience or stakeholder 
group to understand what is going on and advocate for policy interests. 
transparency and accountability are needed for government agencies to act in the public interest 
but they must be designed into the program.
C. Expertise
the question of how to build sufficient expertise in states to carry out the complex requirements 
to implement chemicals policy is a difficult one. 
the scope of activity required for the development of guidance for the various kinds of informa- 
tion that might be sought is wide and combines a need for both diverse and deep technical 
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competence in a variety of disciplines, capacity to imagine how they can be applied in a man-
agement context; ability to manage a political process of negotiation that could lead to broadly 
supported approaches; and capacity to develop detailed guidance for experimental design. it is  
a tall order, as few entities or individuals span both technical competencies and the leadership 
and political management capacities that are required, and few agencies develop the com-
bined technical and political leadership.23 
few states have significant depth of expertise in toxicology or epidemiology. most rely on technical 
guidance from federal agencies, sometimes supplemented by the work of one or two experts 
on staff. how to design state programs that have such capacity will be important to address.
in general, salaries for technical experts in states, even in large states such as california, lag far 
behind the market.24  partly due to lack of professional support, public service is less often seen 
as an appealing career choice among younger scientists. most of the existing cadre of agency 
experts will retire in the next ten years and it is not clear who will replace them. 
states may want to build partnerships with research organizations such as universities. in particular, 
state universities often have an element of service in their missions. however, most major research 
is funded externally, so, as with agencies, most investigators at universities are already highly 
committed to funded projects. moreover, the principal goal of university researchers is to publish 
new research. a sustainable partnership would require funding over time. 
a second option, not mutually exclusive, would be to find ways to provide competitive salaries 
and professional support for state agency experts. 
increased appreciation of the value of public service and more competitive salaries are likely 
needed to retain and attract scientists who can meet the significant technical and political  
challenges of chemicals policy implementation. 
states offer essential laboratories to develop and test approaches to policy in many areas.  
particularly for chemicals policy, states provide the venue in which actions are already under-
way and where policy development is most likely. many policy options and alternatives are  
available. What all of them share is the need for authority and resources to allow administrative 
implementation. Without attention to implementation, even the best policies will not matter. 
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a P P E n D I x
developing an interstate chemicals clearinghouse
this appendix provides a rationale and outline for the establishment of an interstate clearing-
house on chemicals (ic2) to provide a mechanism for collaboration and information sharing 
among states undertaking industrial chemicals management policy initiatives. in addition to 
providing value added support to state agencies, the clearinghouse would also provide support 
to industrial firms and advocacy organizations. 
recent legislative initiatives in several states suggest a new wave of state activity on managing 
chemicals and chemical hazards. these initiatives range from coordinated efforts to phase out the 
use of mercury and prohibitions on the use of some brominated fire retardants to more compre-
hensive efforts to classify chemicals by hazard and encourage the substitution of those of highest 
concern with substances of lower concern. While the new chemical initiatives developing at the 
state level are varied in terms of goals and authorities, there are some common needs and functions 
that could be addressed by establishing an interstate institution.
the industrial chemical market in the united states is a broad and complex market. it will be  
a significant challenge for states to take on the substantial administrative and scientific efforts 
necessary to identify chemicals of high concern to human health and the environment, their 
presence in products, and to undertake assessments of safer alternatives. an interstate institu-
tion holds the potential for being an effective and efficient means for mitigating the high costs 
of individual states moving forward independently and trying to fill complex data needs, and 
coordinating functions that are common across states. 
the u.s. environmental protection agency provides both technical and financial resources to the 
states on air and water pollution and waste management through the delegated authorities of 
the various relevant statutes. however, the federal laws dealing with chemical management (the 
toxic substances control act) or hazardous chemicals in products (the consumer product safety 
act) do not provide for a delegated authority for the states. therefore there is little federal tech-
nical and no financial support offered to state agencies dealing with chemicals management. While 
the epa does manage various databases such as the toxics release inventory, the inventory update 
and the high production volume information system, the agency is constrained in its use of these 
information sources by significant pressure from the private industry sector. for instance the epa 
has been restrained in creating any kind of national product registry, in collecting chemical use 
data or in tracking chemical flows through the economy. years of experience has demonstrated 
b a C K g R O u n D  a n D  R a T I O n a L E 
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how politically constrained the epa is in advancing or employing chemical management  
information systems. 
recognizing the limitations of the federal agencies and the growing needs of the states, there is 
a need for an independent, state-focused institution. an option to fulfill this need is the establish-
ment of a new, multi-state institution, here referred to as an interstate chemicals clearinghouse 
(ic2). the functions of this clearinghouse would be:
• maintain a database of chemical profiles that includes hazard and exposure data on  
individual chemicals; 
• maintain a registry of uses/use categories of high hazard chemicals (based on prioritization 
exercises done through the ic2 or other mechanism);
• maintain a registry of products and/or product groups that contain high hazardous chemicals;
• provide a clearinghouse for alternatives assessments (alternatives research) and a database 
of safer substitutes for chemicals of concern (by use type);
• provide a forum for sharing information on safer chemicals initiatives at the state and local 
level as well as initiating interstate chemicals initiatives between states or with various 
stakeholder groups (such as supply chain dialogs, demonstration projects, etc.);
• provide fact sheets and guidance documents on chemical use, hazards and substitutes;
• provide a forum for receiving and disseminating u.s. environmental protection agency 
chemical use and hazard data; 
• provide a forum for developing model programs among government agencies and  
other stakeholders; and/or
• provide a forum for sharing of compliance and enforcement information. 
in essence, the ic2 would bring together research and data gathered on chemical hazards, alter-
natives, and initiatives for implementation of safer chemicals policies by the states into a single 
location, while establishing new data, research, dialogs and collaborations.
there is a long history of states formalizing multi-state compacts and establishing multi-state 
institutions. the new york state port authority and similar water body compacts around the 
chesapeake Bay, the great lakes and the mississippi river provide ready examples. in the northeast 
institutions like the new england governor’s conference, the new england council, the northeast 
Waste management officials association (nemoa), and the northeast states for coordinated 
air use management (nescaum) suggest the tradition of cooperative, multi-state institutions 
where states are geographically small.
experience and examination of various regional, national, and state initiatives has indicated that 
several elements are of great importance in making such an interstate organization successful, 
including:
L E s s O n s  F R O m  C u R R E n T  E x P E R I E n C E
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• a clear publc purpose mandate wth room for adaptaton. for a multi-state initiative, 
states may need legislative authorization to permit functional participation and resource 
contribution. such a mandate would clearly outline the roles, responsibilities, and structure 
of government participation.
• an ndependent and well-respected governng board and professonal staff. a small 
governing board made up of advocates, government, and forward looking business rep-
resentatives would be ideal. 
• a secure and consstent fundng base. a secure and long term funding base is a critical 
need, given the lack of general support from private/government sources for such an insti-
tute. for a multi-state initiative, an industry fee may not be feasible in which case a fee paid 
by each individual state (as members of the clearinghouse) would need to be assessed. it 
is likely easier that such a fee be built into the government executive order or legislation 
authorizing participation in such an organization.
• a dedcated staff of techncal professonals. a clearinghouse needs a dedicated staff 
that are program based rather than project based ensuring that the overall mission of the 
organization can be carried out effectively. the staff would have a broad mix of technical 
and policy professionals — including engineers, toxicologists, and policy analysts.
• a strong leader. a major determinant of success is a strong leadership that is able to  
advocate for resources and protect it from potential political implications of its work. certainly, 
the director of such an institute has to have close connections to governments, businesses 
and advocate organizations.
in considering the establishment of this new clearinghouse there are a range of models including 
the massachusetts toxics use reduction institute (turi), the interstate mercury education and 
reduction clearinghouse (imerc) set up at northeast Waste management officials organization 
(neWmoa), and the toxics in packaging clearinghouse (tpch) administered through the northeast 
recycling council. these different models demonstrate various strengths and limits. an institution 
set up at a university, such as turi, provides for neutrality and legitimacy, but appears academic 
and limited in influence to a single state. the imerc and tpch demonstrate the advantages of 
an interstate organization sponsor; however both of these appear to favor the northeast. 
this quick review suggested that the most appropriate model for the foundation of this new 
clearinghouse would be an independent, non-profit corporation chartered solely to fulfill the state 
and local government needs. While such an organization would need time and experience to 
establish national legitimacy, its independence and singular purpose offer superior advantages.
the clearinghouse would be open to any local or state government agency that is willing to 
contribute to the support of the organization. While this clearinghouse would largely serve state 
needs and, therefore, states would be the participating members, there may be some municipalities 
or quasi-government authorities that could also join as participating members. 
O R g a n I z a T I O n a L  m O D E L s
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the clearinghouse would need to assess each government agency an annual fee for participation 
and services. the annual base fee might be graduated on a formula based on size of the state  
or the size of the state economy and states that seek extensive services from the clearinghouse 
might be assessed additional user fees based on the costs to the clearinghouse of providing 
those services. 
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as new discoveries are made, new truths discovered, and manners and opinions  
change with the change of circumstances, institutions must advance also to keep  
pace with the times. 
                                                                                                                       — Thomas Jefferson
in the past, it has often taken a long time to identify and establish the direct and indirect short- 
and long-term risk and benefits of past “emerging technologies,” such as chemicals, nuclear power, 
and genetically modified organisms. the reasons are many. some of them are specific to the nature 
of the emerging technologies in question; others, it seems, are constant from one technology to 
another. society periodically faces the same kinds of situations with great proclaimed potential 
benefits for an emerging technology, but uncertainty or ignorance about its potential short- and 
long-term adverse effects on human health and the environment. recurring problems include 
how to validate proclaimed benefits; how to establish hazards; problems estimating exposure; 
controversy about whether there is a safe dose of exposure and what it might be; whether the 
pros outweigh the cons; when we will know enough to implement regulatory measures; and 
whether lack of information justifies action in and by itself. 
although many of the questions are not new and have been discussed and written about  
extensively1–3, they have yet to be resolved to the extent that they have been implemented pro-
actively. furthermore, they are not outdated since they keep coming up in the discussion of the 
“emerging technologies” of our decade, such as nanotechnology, stem cell research, biotechnology, 
and information and communications technologies. explanation for why they recur could be that 
they are always relevant in an ever-changing society with changing priorities and values, and that 
the specific circumstances of the technology change markedly with every new technology so that 
it does not make sense to duplicate past practices employed on past emerging technologies. 
m o d u l e  7
applying the chemical policy options  
to emerging technologies and materials:  
adaptations and challenges
Can the template developed n ths report for chemcals polcy  
reform be appled n assessng the hazards of emergng technologes  
and what consderatons are nvolved for state governments?
n  sTeffen foss  
      hansen &       
      david reJesKi 
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however, under the assumption that it is not necessarily always the case and under the assumption 
that there is a lot we can learn from the past, the purpose of this module is to go through the 
previous modules and identify adaptations (if any) that would have to be made in order for  
the individual policy options to be applicable to today’s emerging technologies, as well as to  
the chemicals for which they were originally intended. this approach will use different past  
and present emerging technologies and materials as examples of how the policy options  
identified in the modules can be implemented. 
first, we provide a definition of emerging technologies and some examples of emerging technolo-
gies that are projected to have profound impact on our future. then we discuss how to proactively 
identify emerging technologies. drawing on denison’s work (see module 1, denison) , we follow 
by analyzing how one can generate information to manage the technologies given their variety 
and the diversity of their future applications. once they have been identified and initial information 
on them has been generated, tickner’s module (see module 3, tickner) is used as inspiration for 
what to do with this information and how to evaluate and prioritize various emerging technolo-
gies. a key element in the evaluation process of chemicals is the availability of safer alternatives, 
which — based on rossi’s module (see module 4, rossi) — will be discussed in the context of 
emerging technologies. looking beyond the evaluation process, the timely flow of accurate 
information to the actors who make decisions is equally important, and a number of recommen-
dations will be made drawing on massey’s work (see module 2, massey). this process leads to a 
discussion about which kinds of capabilities would have to be in place, based on the contribu-
tion by Kyle (see module 6, Kyle), to oversee such multifaceted processes as the ones outlined 
by denison, rossi, tickner, and massey. 
it is important to ensure that one is on the forefront of the development, information generation, 
and management of emerging technologies. also important is establishing short- and long-term 
incentives to guide research institutions, industry, and others onto a specific innovative path 
towards sustainability by pre-defining a set of rules that any technology should fulfill. drawing 
on geiser and mcpherson’s module (see module 5, geiser and mcpherson) on green chemistry,  
we discuss how such principles can be broadened beyond well-established technologies and 
become part of a proactive strategy for the safe management of emerging technologies. a com-
parison will be made between the policy options described in the modules applied to emerging 
technologies with a view to these criteria: cost effectiveness, demands on government, performance 
for achieving safety goals (information, evaluation, substitution), and transparency. finally, some 
reflections on what local and state governments can do will be provided. 
the term “emerging technologies” can be broadly defined as “science-based innovations that 
have the potential to create a new industry or transform an existing one.”4 according to a recent 
niosh publication on emerging technologies and the safety and health of working people, 
D E F I n I n g  a n D  I D E n T I F Y I n g  E m E R g I n g  T E C h n O L O g I E s
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“emerging technologies exist where the knowledge base is expanding, the application to existing 
markets is undergoing innovation, or new markets are being tapped or created.”5 the term “emerging 
technology” is broad and a number of technologies have earned the label: from communications 
technology to biotechnology and nanotechnology (and various others in transportation, energy, 
and food handling). here, the term emergng technologes and materals s lmted to those 
that affect manufacturng processes, for instance, new materials, and it does not include 
emerging technologies that affect social interactions, such as the internet, cognitive radio,  
second life, and so on.
a vital first element of a proactive strategy on emerging technologies is to have a system in place 
that generates information that allows one to identify emerging technologies and materials. it could 
take the form of an agency, an office under an agency, or an intra-agency working group (see 
module 6, Kyle) that have time and resources to look consistently for emerging technologies and 
materials. given their nature, such an agency would have to be interdisciplinary and not media-specific. 
in some countries, such agencies exist already or are being set up. for instance, in the united Kingdom 
(uK), the department for environment, food and rural affairs launched a horizon scanning and 
futures programme in 2002 and the government has committed itself to the establishment of a 
centre of excellence in horizon scanning, which aims in part to spot the implications of emerging 
science and technologies.6,7 in the u.s., the situation is rather strange since such an agency actually 
existed from 1974 until 1995 in the form of the u.s. congress’ office of technology assessment 
(ota). When congress voted to withdraw funding in what some have called “death by congres-
sional ignorance,”8 the ota had more than 140 full-time employees who provided nonpartisan 
highly qualified and widely respected analytical assistance to congress on complex highly tech-
nical issues.9,10 the reasons for setting up the ota were much like the challenges today with 
emerging technologies. in the establishing ota act, congress argued that:
1. as technology continues to change and expand rapidly, its applications are:
a. large and growing in scale; and
b. increasingly extensive, pervasive, and critical in their impact, beneficial and adverse,  
on the natural and social environment.
2. therefore, it is essential that, to the fullest extent possible, the consequences of technological 
applications be anticipated, understood, and considered in determination of public policy 
on existing and emerging national problems.11  
emerging technologies are fairly easy to identify since they signal their arrival long before they 
bloom into full-fledged commercial successes and their emergence is routinely covered by major 
scientific and engineering societies and journals.5,12 further, several websites are dedicated to 
emerging technologies and studying the future (see niosh5 for a full list of web sites and other 
sources of information on emerging technologies). Technology Review from massachusetts insti-
tute of technology has an annual issue identifying ten technologies the editors call the most “ex-
citing and most likely to alter industries, fields of research, and even the way we live.”13 for the 
most recent technologies listed by Technology Review, see Box on page 208.
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not all emerging technologies, of course, will alter industries or the way we live or have potential 
impact on health and the environment. Being proactive in identifying emerging technologies 
and generating the initial information for management decisions might turn out to be premature, 
since the technology might never realize its potential. however, if this happens, the initial time 
. neuron control which controls neural cells with flashes of light turning selected parts 
of the brain on and off providing precisely targeted treatments for psychiatric and 
neurological disorders with greater effectiveness and fewer side effects;14
2. augmented realty which adds a gps sensor, a compass, and accelerometers to smart 
phones making it possible for users to calculate distance, retrieves the names and geo-
graphical coordinates of nearby landmarks and restaurants from an external database;15 
. Peer-to-peer (P2P) file dstrbuton technology which puts less of a burden on internet 
networks, saving bandwidth. in p2p networks, there are no central servers in contrast 
to current networks and each user’s pc exchanges data with many others in an ever-
shifting mesh;16
. Dgtal magng and compressve sensng which uses a single image sensor to collect 
just enough information to let a novel algorithm reconstruct a high-resolution image, 
saving energy since it does not need to compress images like today’s digital cameras;17 
5. Lght-focusng optcal antennas which increase the capacity of dvds and the power 
of computer chips and higher-resolution optical microscopes by adding nanoscale 
“optical antennas” to a commercially available laser;18
6. Quantum-dot solar power which uses tiny crystals of semiconductors just a few 
nanometers wide to convert light energy into electrical current potentially making 
solar cells much cheaper and making solar power cost-competitive compared with 
electricity from fossil fuels;19
. nano-healng which uses the ability of nanoscale protein fragments, or peptides,  
to accelerate healing of damaged brain and spinal tissue potentially saving lives by 
stopping bleeding and aiding recovery from brain injury;20
. artfically structured metamaterals made up of precisely arranged patterns of two 
or more distinct materials that can manipulate electromagnetic radiation, including light, 
in ways not readily observed in nature and which could transform telecommunications, 
data storage, and even solar energy;21
. Personal medcal montorng which uses computer networks to help physicians  
interpret large amounts of physiological information, such as temperature and blood 
pressure readings, mri scans, electrocardiogram (eKg) readouts, x-rays, and so on, 
making diagnostics more personal;22 and
0. sngle-cell analyss which uses ultra-sensitive techniques to isolate cells and reveal 
molecules inside them that no one even knew were there and detecting minute differences 
between individual cells that could improve medical tests and let doctors quickly  
decide on proper treatment.23
most Recent Emergng Technologes
20  l  loWell center for sustainaBle production  l  university of massachusetts loWell options for state chemicals policy reform  l  a resource guide  l  20
module 7:  applying the chemical policy options to emerging technologies and materials
and resources wasted would tend to be small. they also would be outweighed by the occasions 
when the technology “makes it,” since the earlier agencies engage in the develop a new tech-
nology, the easier it is for them to secure an overview, follow its development, and determine 
whether it will indeed take off. 
once the technologies have been identified, four parts of denison’s module (module 1) on gen-
erating information become especially relevant: the types of decisions for which information is 
needed; types of information; testing and alternative methods to generate information; and 
government’s options for generating information. 
Types of Decisions for Which Information Is Needed
the types of decisions for which information is needed have been controversial in relation  
to emerging technologies. the types of decisions seem to range from a ban of the technology 
to a laissez-faire attitude. 
multiple policy options are available for decision-makers engaged in managing emerging  
technologies, including: 
1. implementing a ban or a time-limited moratorium on research and development (r&d) 
and commercialization of the technology and products based on it, such as happened  
in the case of supersonic transport in the 1970s in the u.s.;1 
2. implementing a ban or a time-limited moratorium on commercialization of the emerging 
technology only and products based on it, but maintaining r&d, such as happened in the 
case of research in recombinant dna in cambridge, massachusetts in the 1970s and the 
commercialization of genetically modified organisms in the european union (eu) in the 1990s;
3. launching a comprehensive, in-depth regulatory process specific to the emerging technology 
in question with the purpose of forming and implementing a new regulatory framework 
that takes potentially widely different applications into consideration; 
4. adapting existing regulation so that it covers the emerging technology and ensures the 
generation of environmental, health, and safety (ehs) information and the protection of 
human health and/or the environment;
5. initiating and funding ehs studies at government and non-governmental research facilities 
and collecting data about, for instance, production, use patterns, and best practices in 
relation to ehs; 
6. relying on voluntary environmental programs to ensure that human health and the environ-
ment are protected and ehs information is generated, such as the u.s. epa has recently 
chosen to do in regard to nanomaterials;
7. relying on current regulatory frameworks to cover the emerging technology and assuming 
that it is adequate to protect human health and the environment and generation of ehs 
information; and
g E n E R a T I n g  I n F O R m a T I O n  F O R  C h a R a C T E R I z a T I O n      
a n D  m a n a g E m E n T  O F  P O T E n T I a L  R I s K s 
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8. relying on market forces to ensure that human health and the environment are adequately 
protected, such as in the case of many information and communications technologies.
Which one (or which combinations) of these policy options is eventually adopted by decision-
makers will vary depending on the nature and the circumstances of the emerging technology 
as the modules in this volume illustrate in the case of chemicals.
given the increasing pace of technological development and the increasingly complex and  
pervasive uncertainty about their potential beneficial and adverse impacts on the natural and 
social environments, identifying the right options or the right combination of options must be 
an iterative process between decision-makers, stakeholders, and the public.
having the federal government develop an oversight system by itself is not an option in the 
case of emerging technologies simply because of the pace of technological development. the 
development of nanotechnology is a good example. the period before 2005 has been labeled 
the first generation of nanotechnology; it involved the exploration of passive nanostructures and 
materials, such as zinc oxide in sunscreen. since 2005, the second generation has moved more 
toward the development of bio- and physico-chemical active nanostructures. By 2010–2015,  
it has been projected, scientists will employ guided assembly of nanosystems, and by 2015–
2020, the field is expected to expand to molecular nanosystems or atomic design.24
given the high pace of development in fields such as nanotechnology, “it is both unnecessary and 
impractical to leave the oversight role entirely to a limited set of already overburdened federal 
agencies,”25 greenwood has stated. developing adequate oversight requires federal outreach to 
stakeholders — such as industry, academia, non-governmental organizations (ngos), and others 
— since these actors are the ones who know the technology “inside out” and they are involved in 
developing consensus standards, codes, and understandings.25,26 in the analysis of possible alter-
native developmental paths, clarification of all stakeholder interests is essential.26,27 one benefit 
of such outreach is that it limits the time of uncertainty about future goverment policies, uncertainties 
that can be problematic and anxiety-producing for innovators, potential inves-tors, stakeholders, 
and the public.28,29 
any discussions about what policy option(s) are preferable for emerging technologies has to 
include the public. it is important that discussions not aim to convince and educate the public 
about emerging technologies to have them accept the technology. that approach has failed 
stunningly in the past, for instance, on issues of food irradiation and genetically modified crops, for 
several reasons. first, it assumes that the experts know the true risk and, as shrader-frechette30 
has argued, often they do not. second, it assumes that the perception of risk by laymen is wrong. 
although they may lack certain basic information, their conceptualization of risk is richer than 
that of the expert, including factors such as considerations about uncertainty, controllability, the 
benefits of taking a specific risk, and threats to future generations.30-33 third, when proponents 
of emerging technologies call for “public education,” they often mean public persuasion. it is 
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problematic because it not only assumes that the communicator knows what is true, but also 
that he or she knows what is good and right.34 
although one should take care in drawing parallels through history, the cases of food irradiation 
and genetically modified crops underline that the public should be viewed as a legitimate part-
ner and be involved in both the risk assessment and the risk management process of emerging 
technologies.25–28,35 past experiences have shown that the public may contribute substantially  
to a scientific decision-making process.36 
the public may be involved in several ways: for instance, consensus or “layperson” conferences, 
scenario workshops, and science shops,37-39 but in many cases (for example, food irradiation),  
a “due consideration” model has been chosen in the u.s. normally, it involves the agency (for 
instance, the food and drug administration (fda) or the environmental protection agency (epa)) 
taking a position in advance of public hearings and inviting public comments on its position. 
afterward, the agency is obliged to give due consideration to all relevant facts and arguments 
and explain why it chose the option that it finally adopted.39 these methods have a number of 
limitations. for instance, the regulatory decisions already may have been made, so that it cannot 
be said that the public was involved, but rather that it was allowed only to comment on the issue. 
such a scenario would not really reflect the call for a more transparent and democratic decision-
making process.26,27,37,38,40 
under the right circumstances, public perceptions and reactions can override the customary 
workings of the regulatory process.41 lessons learned from the debate about genetically modified 
crops (or genetically modified organisms (gmos) in the uK stress the importance of considering 
the concerns of the wider public early during research and development when there is still time 
for the public’s views to inform the development of new technologies. early public research on 
nanotechnology in the uK indicates that the public does not oppose it but has concerns about 
the path of innovation and the lack of regulatory oversight, offering an opportunity for govern-
ments to involve the public and address the issues.26,28
Types of Information
a key question about generating information on emerging technologies is what types of infor-
mation is needed to inform sound management. due to the fact that emerging technologies and 
materials in industrial settings almost by definition would involve application and exploitation 
of properties not realized before, the new properties are where the focus should be placed in 
generating health and safety information. information is needed about the new properties and 
characteristics: how to determine them; how they affect current methods used to establish hazards, 
exposure and risks; and — probably most importantly — whether current health and safety 
protection measures are adequate in the new context and circumstances. ideally, the information 
would be available–and applicable — at all stages of the technology’s development, from basic 
r&d to full-scale commercial launch.42 for instance, in the case of nanomaterials, the exploitation 
of additional properties — size, surface chemistry, surface charge, and so on — is what makes 
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these materials so different from bulk chemicals. the hazards of nanomaterials would be related 
to their chemical composition, but also to the effect of these additional properties on biological 
activity and behavior that scientists do not fully understand now. so in choosing types of infor-
mation to inform sound decisions about safe management, decision-makers need to include many 
(if not all) of the elements listed by denison in addition to extra information that might tell where, 
for instance, the nanostructure is located in the system (that is, in the bulk, as surfaces, or as 
particles); the size distribution; surface charge; surface area; solubility; and others.
the amount of information needed to understand the properties, risks, and exposure routes  
of emerging technologies is likely to be more extensive, and expensive, than for conventional 
chemicals and product developers, without doubt, will  face higher prices on toxicity and other 
tests until testing becomes routine.
although one could argue that the tests and their costs are just another hurdle among many 
barriers4 to innovation, they will almost inevitably contribute to slowing down commercialization. 
costs might be disproportionately high for small- and medium-sized enterprises and might force 
them to sell their license rather than try to commercialize it themselves. since much innovation 
in emerging technologies  (nanotechnology and biotechnology, for instance) comes from small 
companies around the world, attention must be given to providing incentives for companies to 
do proactive testing of their products.4,25 a number of ways exist to do this. one could include 
extra funds to do environmental health and safety (ehs)-related research in grants given through 
the small Business innovation research (sBir) program and the small Business technology transfer 
(sttr) program. the sBir and sttr programs were set in place to ensure that small, high-tech, 
innovative businesses became a significant part of the federal government’s r&d efforts and 
the programs are sponsored by eleven and five governmental agencies respectively. until  
now they have awarded $2 billion to small high-tech businesses.43
another possibility is to provide research, education, and technical guidance and support to small- 
and medium-sized companies, for instance, through establishment of a facility such as the massa-
chusetts toxics use reduction institute (turi), which is mentioned and discussed by rossi 
(module 4) and tickner (module 3). 
Testing and Alternative Methods to Generate Information
in the case of chemicals, using methods such as in vivo testing and Qsars to generate information 
are options. But for many emerging technologies, it is not the case. often, we must apply current 
ways of testing for hazards and exposure in the workplace and/or in the environment. But the 
methods often were developed with other technologies in mind; their limitations become more 
apparent when applied to emerging technologies. it is sometimes unclear whether they are 
applicable or even directly misleading, and thus new methods must be developed. 
22  l  loWell center for sustainaBle production  l  university of massachusetts loWell options for state chemicals policy reform  l  a resource guide  l  2
module 7:  applying the chemical policy options to emerging technologies and materials
many current test procedures are based on the assumption that mass is a good metric for  
establishing a dose-response relationship, but it seems not to the case with nanomaterials.44,45 
further, a number of the current methods fall short when it comes to materials that are less soluble 
in water than the substances on which the test protocols were originally designed.45 other issues 
are how to measure not only concentration by mass, but also other characteristics such as size, 
surface chemistry, surface area, and surface charge, in the air of a workplace setting, in wastewater, 
and in the environment. in many cases, science does not know whether current methods work 
or are even applicable to emerging technologies such as nanomaterials.
the same is true of “alternative methods” like Qsars and exposure models. for many methods, 
one needs basic background data on the nature and properties of emerging technologies in 
order to develop and validate alternative methods.
another pathway is to use genomics and proteomics to identify and assess adverse effects and 
exposure to nanomaterials through changes in the expression of specific genes and proteins  
in cells, if patterns between key genes and exposure to nanomaterials can be identified. 
Government’s Options for Generating Information
all four options listed by denison are available for governments in the case of emerging tech-
nologies, and many of the pros and cons of each of the individual options as well. With that said, 
the nature of the pros and cons differ substantially from option to option and is something that 
decision-makers will have to consider when they decide how to generate information about a 
given technology. for instance, the level of demand on government and the level of transparency 
differ substantially between the government collecting and generating information itself (denison’s 
option 1) or requesting that information be provided voluntarily by companies (denison’s option 3). 
if the government decides that it needs to collect and generate information itself, resources and 
expertise need to be allocated to the job, however, the information generated in most cases will 
be publicly available, thus ensuring a high level of transparency. on the other hand, if the govern-
ment asks companies to voluntarily provide information about ehs issues, fewer resources will 
have to be allocated to oversee the submissions; however, in many cases, the information gen-
erated will have to be classified as cBi (confidential Business information) in order to get companies 
to participate in the voluntary program. see table 1 for a comparison of the various policy options 
described in the module by denison applied to emerging technologies with various criteria: cost 
effectiveness, demands on government, performance for achieving safety goals (information, 
evaluation, substitution) and transparency.
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in the case of emerging technologies as well as that of many chemicals, large gaps exist in knowledge 
about the risks for humans and the environment and that situation probably will continue for some 
time. past questions about the risks of emerging technology, we also note, often have been raised 
initially only after the technologies have been commercialized and after workers, consumers, and 
the environment have been exposed to dangers and, sometimes, been harmed substantially. 
as denison (module 1) points out, data derived from existing and alternative methods can  
be used to screen or prioritize chemicals for further scrutiny or management. the same is true 
in the case of emerging technologies. the hazard information available on the chemical compo-
sition of the nanomaterial in question is a logical starting point for screening and prioritizing, 
although it is important to remember that there is more to nanomaterials than their chemical 
composition, and hence nanomaterials should not be considered safe based on safety infor-
mation related only to the bulk material.25
in regard to screening options mentioned by tickner (module 3), the optimal solution seems to 
be some combination of the three options. screening on the basis of existing data and known 
properties (tickner’s option 3) has limitations in emerging technologies due to their unique new 
properties, as already mentioned. for agencies to provide tools to undertake regulatory or volun-
tary screening (tickner’s option 1) on emerging technologies and/or materials seems not to be 
a realistic option in many cases since no one knows whether existing tools actually work.45 it is 
especially true in the early stages of the development of a technology. this is not to say that the 
validation and development of such screening tools should not be pursued, but that it cannot 
be done by local, state, and federal agencies alone. it must be done in collaboration with industry, 
academia, and other stakeholders and requests or requirements that industry submit information 
or undertake screening (tickner’s option 2) seems to be a key to obtain relevant up-to-date infor-
E V a L u a T I O n  a n D  P R I O R I T I z a T I O n  O F  E m E R g I n g  T E C h n O L O g I E s – P O L I C Y 
O P T I O n s  F O R  s T a T E s  a n D  T h E  F E D E R a L  g O V E R n m E n T
taBle 1  a Comparson of the Varous Polcy Optons Descrbed n the module by Denson  
appled to  Emergng Technologes
note: the higher the column the better the option fulfills the criteria.
Polcy Opton
Cost 
Effectveness
Demand on 
government
Performance for 
achevng safety goals Transparency
g
eneratng Inform
aton
gov. collect generates info
gov. requires producers and users to report
gov. request voluntary reporting and 
provides incentives to do so
gov. helps develop market incentives
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mation. collaborating with industry and academia is key since they study, characterize, and have 
access to basic information to do environmental, health, and safety screening and testing. 
ideally, evaluation and prioritization should be done at various development stages, starting 
when the technology is still in basic r&d. as proposed by environmental defense and dupont 
in the case of nanomaterials, periodic re-evaluation and re-prioritization should be done when 
the technologies move into the next development stage and as new information emerges. at a 
minimum, it should happen when it reaches: 1) prototyping; 2) pilot testing; 3) test marketing; 
and finally 4) full-scale commercial launch.42 especially during the early stages, any evaluation and 
prioritization should be based on both preliminary hazard characteristics and a preliminary assess-
ment of where the highest level of exposure of current and potential uses is going to occur across 
the lifecycle. the evaluation and prioritization will help realize gaps of knowledge and research 
needs and, optimally, produce more information as the technology matures. thus, any emerging 
technology that reaches the marketplace would have been evaluated and prioritized six times 
for new evidence about inherent hazards and potential current and future uses and exposures.42 
the model for evaluation and prioritization that is most relevant for any given emerging technology 
depends on its nature. in the case of nanomaterials, the generic scheme outlined by muir and 
cited by tickner seems helpful. one major challenge with nanomaterials is that their risk depends 
on the chemical and physical characteristics of the nanomaterial (chemical composition, size, 
shape, surface characteristics, and so on); the location of the nanostructure in the system (in the 
bulk, surface bound, free particles, particles suspended in a liquid, and so forth); the route of ex-
posure (inhalation, ingestion, dermal, or injection), and its fate and behavior in the environment 
and biological systems. 
in the case of nanomaterials, the highest level of potential hazard exposure currently seems to be 
when the material takes the form of free particles for workers and particles suspended in liquids 
or creams for consumers.46 some consumer products, sunscreens for one, directly expose consumers 
to the nanomaterials in the products. in muir’s scheme, these products fall into the category of 
controlled use and direct exposure. other nanoproducts use nanoparticles suspended in a solid, 
for instance, various golf balls, baseball bats, badminton bats, and other sorts of sports gear. in 
muir’s scheme, these products fall into the category of product ingredient, a closed system, and 
outdoor consumer use. By using the scheme, it seems obvious that products with dispersive and 
indoor use and direct exposure should get a higher priority than products that are controlled 
and used outdoors in a closed system. filling out muir’s scheme as a part of the evaluation pro-
cess at each stage of the developmental advancement of the product, from basic r&d to final 
commercial launch and eventual disposal, could help agencies prioritize. however, in doing so, 
it is important to focus on every stage of the lifecycle and not only on exposure during use of 
the product.
evaluation and prioritization based on the inherent hazard characteristics, such as persistency, 
bioaccumulation, and toxicity, probably would have to be based on chemical composition in the 
case of nanomaterials, although other characteristics are important as well. they include, for instance, 
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surface chemistry. But science currently does not know enough yet to evaluate and prioritize these 
additional characteristics. if the chemical composition is known to be hazardous and there is a high 
level of potential exposure, then those factors might lead to a higher prioritization, whereas if 
the chemical composition is known to be harmless and there is a low level of potential exposure, 
they might lead to a low prioritization. ultrafine particles become more hazardous the smaller their 
size so another possibility is to use size rather than chemical composition as a way to prioritize. 
one also could use analogies between crystalline silica, talc, titanium dioxide, or carbon black 
for which more is known, such as suggested by greenwood.25 
however, as tickner stated, it is important to remember that although initial screening processes 
can be used to prioritize, initial screening processes should not lead to determinations of safety, 
given the lack of knowledge about key hazard properties of nanomaterials.
 
see table 2 for a comparison of the various policy options described in the module by tickner 
applied on emerging technologies considering these criteria: cost effectiveness, demands on 
taBle 2  a Comparson of the Varous Polcy Optons Descrbed n the module by Tckner  
appled to Emergng Technologes
Polcy Opton
Cost 
Effectveness
Demand on 
government
Performance for 
achevng safety goals Transparency
Evaluaton and Prortzaton
provide industry the tools to do screening
require industry to submit info or undertake 
screening
gov. screening based on existing data
gov. doing rapid/detailed substance 
assessment
gov. agency doing rapid classification/
prioritization
provide tools to industry to do substance 
assessment
gov. initiates authorization requirements
gov. develops regulatory risk management 
programs based on the results of the 
screening and prioritization
gov. issues list of high and lower concern and 
develops voluntary substitution programs
gov. initiates voluntary industry self/
classification challenge to self/classify  
and reduce use
note: the higher the column the better the option fulfills the criteria.
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a key element in the evaluation and prioritization process of chemicals is the question of sub-
stitution and the results of alternatives assessment. the definition of substitution of chemicals 
cited by rossi* also would be applicable to many emerging technologies, including nanomaterials 
and biotechnologies. although it might not make sense to discuss substitution in nanotechnology, 
biotechnology, and stem cell research, it does make sense to talk about substitution for individual 
materials and applications of, for instance, nanomaterials. a good example is the use of nano-sized 
diamond powders as alternatives for silica-coated cadmium selenium quantum dots for which 
toxic ions might be released during diagnosis and treatment.47 however, a key issue is how to 
determine whether one material and its application is indeed safer for workers and the environment 
along the lifecycle of the material compared with another material. it is especially problematic 
in cases where not much is known about the two materials, applications, and/or processes being 
compared (see rossi, module 4).
there is no reason why the process of substitution listed by rossi should not apply to emerging 
technologies like nanomaterials. With that said, many reasons to do substitution probably would 
be based on what is currently known about the bulk materials, even though other aspects such 
as surface chemistry, are known to be additional determinants of risks of the individual nano-
materials. another reason might be the wish to eliminate toxic substances in the process of 
manufacturing nanoscale materials.48
obtaining information about the incorporation of emerging technologies in specific products 
has repeatedly been a controversial issue in manufacturers’ efforts to bring such products to 
market. one reason has been manufacturers’ efforts to keep their business information confidential. 
it is important to note the distinction between the public authorities obtaining information versus 
the public and other stakeholders getting access to information. the public authorities often have 
access to more information than the public does and past controversies have mainly focused on 
the public and other stakeholders not having access to important risk-related information. 
obtaining information is of key importance for emerging technologies as well as for chemicals 
for a number of reasons. 
first, if it turns out that there are adverse environmental and health effects related to use of the 
product, it is vital that governmental and federal agencies know what was in the product so that 
s u b s T I T u T I O n ,  a LT E R n a T I V E s  a s s E s s m E n T,  a n D  E m E R g I n g  T E C h n O L O g I E s
* “the replacement or reduction of hazardous substances in products and processes by less hazardous 
or non-hazardous substances, or by achieving an equivalent functionality via technological or organi-
zational measures.”
government, performance for achieving safety goals (information, evaluation, substitution), and 
transparency.
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the culprit can be identified immediately and exposure can be limited (for this and other uses as 
well). this stance should be the case whether it is based on emerging technology or not. second, 
it is important to know the composition of the products to ensure that using emerging technologies 
indeed adds benefits to society; why would anyone want to take even the slightest risk if there 
are no benefits associated with it? in the past, even well-meaning and clearly necessary “techno-
logical fixes” have led to unforeseen and unintended adverse effects on human health and the 
environment. cfcs and ozone depletion is a good example. cfcs originally were developed to be 
a safe substitute for fluids such as ammonia, methyl chloride, and sulphur dioxide in refrigerators. 
these substances are toxic, flammable, or corrosive. cfcs seemed like a useful substitute since 
they have great chemical stability. further, they are almost entirely non-toxic and non-flammable. 
it later turned out, however, that they were so stable that eventually they ended up in the  
stratosphere and depleted the ozone layer.49
stories like this warn us about easy “technological fixes” and, although unforeseen risks of imple-
menting emerging technologies cannot be avoided entirely, an impact analysis and stakeholder 
analysis and consultation can help identify potential adverse outcomes of implementing new 
technologies. such openness brings different perspectives and opinions into and thereby reduces 
the dangers of unintended consequences.50 in addition, different methodologies exist to identify 
potential unintended consequences. they include trade-off analysis51 and work-environment 
impact assessment.52 some risks from emerging technologies also are bound to come as surprises 
resulting from sheer ignorance, such as in the case of cfcs. although they seem almost impossible 
to avoid, adverse impacts of risks can be minimized by looking for “red flags” and “early warnings” 
and reacting proactively to them.53 By exploring and implementing a range of preventive options, 
including multiple perspectives in decision-making processes; using a multi-disciplinary scientific 
lens and systems perspective to examine the risks of emerging technologies; and developing methods 
to monitor for “red flags” and “early warnings,” adverse effects can be minimized or avoided.54 
a third reason why information is important is to ensure that emerging technologies are not 
misused to make unreasonable claims and that they are not used in false marketing schemes. 
as rossi mentioned in the case of chemicals, the purpose of adding emerging technologies to, 
for instance, consumer products is unclear, as is the amounts in which they are employed. the 
consumer nano-inventory established by the project on emerging nanotechnologies of the 
Woodrow Wilson international center for scholars now shows more than 500 products claiming 
to entail nanomaterials or based on nanotechnology. the manufacturers promise benefits from 
using these products and at times refer specifically to “nano” as the provider of the benefits. But 
it is unclear whether the products actually are based on nanotechnology or whether adding the 
term “nano” is just used as a marketing scheme. further, the proclaimed benefits are unclear and it 
is questionable whether it is necessary to add nanomaterials to or use nanotechnology at all in 
many consumer products. a consumer group in Korea found little to no improvement in effec-
tiveness after producing a washing machine claiming to use nano-silver as an anti-bacterial agent.55 
in the u.s., Consumer Reports made a similar finding when testing stain-resistant nano-tex 
slacks and nano-waxes.56 
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given the fact that the benefits of adding nano-silver are uncertain and that it is toxic to the 
environment, it seems that the costs outweigh the benefits, as may be true in other cases as well. 
such violations risk giving the emerging technology a bad name without justification. recently, 
a protective glass and bathroom sealant known as “nano magic” was recalled in germany after 
approximately one hundred consumers experienced severe breathing problems using it. the incident 
has been seen as an early warning, a “wake-up” call, for nanotechnology and has temporarily led 
to a greater focus on the potential health and environmental threats of this new technology. it 
later turned out that the product did not entail any nanoparticles,57 however, one major issue 
was that neither the german government nor the manufacturer knew what was in the product. 
cases like this one could potentially shape people’s perception of emerging technologies and 
undermine public trust in the government’s ability to protect them. 
see table 3 for a comparison of the various policy options described in the module by rossi applied 
on emerging technologies for these criteria: cost effectiveness, demands on government, per-
formance for achieving safety goals (information, evaluation, substitution), and transparency.
massey (module 2) argues that “sustainable chemicals policy requires the timely flow of accurate 
information to the actors who make decisions about chemicals.” actors include chemical manu-
facturers or suppliers, downstream users of chemicals, policy-makers, workers, and members of 
the public. in the case of emerging technologies, flow of accurate information is of key importance 
as well for a number of reasons. the public and other stakeholders need access to accurate infor-
mation in the process of deliberation over the acceptability of a given emerging technology,  
its risks, and how to respond to the risks. 
F a C I L I T a T I n g  a n D  E n s u R I n g  T h E  a V a I L a b I L I T Y  O F    
I n F O R m a T I O n  O n  E m E R g I n g  T E C h n O L O g I E s  u P - a n D - D O W n     
T h E  s u P P L Y  C h a I n  a n D  O T h E R  I n T E R E s T E D  P a R T I E s
taBle 3  a Comparson of the Varous Polcy Optons Descrbed n the module by Ross  
appled to Emergng Technologes
Polcy Opton
Cost 
Effectveness
Demand on 
government
Performance for 
achevng safety goals Transparency
a
lternatves a
ssessm
ent
chemical use information
chemical hazard data and classification
supply-side options
selections policy
multi-attribute options
note: the higher the column the better the option fulfills the criteria.
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massey mentions a number of disincentives for the free flow of information among manufacturers, 
downstream users, and the third-party stakeholders in the case of chemicals. they include com-
petition among manufacturers; confidential business information; liability; and supply chain 
dynamics. these disincentives are applicable to emerging technologies as well. companies 
manufacturing nanomaterials compete in exploring and exploiting the various unique properties 
that materials have at the nanoscale and in many cases the service they are commercializing is 
a unique combination of these properties. so there is definitely a disincentive for companies to 
reveal this information to other manufacturers. it is unfortunate that it is access to information 
about the same unique properties that one needs to do risk assessment. although it is important 
to protect confidential business information, it should not be done at the expense of protection 
of health and the environment.
in some cases, business is required to submit basic information to public regulatory agencies 
before commercialization. But it is one thing for agencies to obtain information about the content 
of products and another thing entirely if they provide the information to consumers or other 
interested parties. 
in many cases, such information will almost automatically be classified as confidential business 
information (see denison, module 1) and hence it is impossible for downstream users and any 
third party to obtain information about the nature of the emerging technologies they may use. 
in the limited number of cases in which the u.s. epa has received premanufacture notice on 
nanomaterials, almost all of the information is classified as confidential. it ranges from the person 
and company submitting the information, impurity and cas registry number, synonyms and trade 
names, to byproduct, first 12-month production volume, use information, site of operation, number 
of workers exposed and duration of activity, environmental release and disposal. in some cases, 
even the material safety data sheets may be classified as confidential.58-64 
some claims of cBi seem unreasonable and providing wider access to at least some information 
seems to be an important step in facilitating the availability of information up-and-down the sup-
ply chain and to other interested parties. at a minimum, information made publicly available for 
chemicals under reach — name; classification and labeling; physicochemical data, including 
information on pathways and environmental fate; results of each toxicological and ecotoxico-
logical study; any derived no-effect level or predicted no-effect concentration; guidance on safe 
use; and, for some chemicals, analytical methods for detecting direct human exposures or discharge 
of the chemical to the environment–should be made available in the case of emerging technologies, 
including nanomaterials. 
disincentives such as liability and supply chain dynamics are very relevant in regard to emerging 
materials and the question becomes what can be done to eliminate these disincentives? recently, 
davies65 suggested that the two be combined in the case of nanomaterials so that the insurance 
industry would refuse to insure any nanomanufacturer who did not adopt some oversight frame-
work such as the one recently proposed by environmental defense and dupont (see appendix 
a for a summary), which urges companies to share not only information, but also insight into 
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the basis of risk assessment and management decisions with “[o]ther companies within  
the supply chain, including those involved in managing waste from the manufacture, use,  
or disposal of the material or product.”42 
Just as international flavors and flavorings inc. had guidelines to protect its workers in the case 
of diacetyl, mentioned by massey, many companies working with nanomaterials do so as well. 
some companies treat all nanomaterials below a 100 nm as hazardous materials as a precautionary 
measure, but as with international flavors and flavorings inc., the guidelines are not always 
passed on to downstream users. one way to communicate health and safety throughout the 
supply chain is msdss; however, as in the case of chemicals, companies are not required to do 
separate msdss for nanomaterials and those that report on nanomaterials have serious limita-
tions — they may treat nanomaterials the same way as they treat their bulk chemicals, although 
properties may differ substantially.66
providing consumer and other downstream users with information in the form of labels has been 
controversial in the past and is likely to be contentious for emerging technologies as well.25 some 
of these technologies are seen as good marketing schemes, as mentioned earlier. it seems to 
have been the case in the early development of both nuclear power and nanotechnology that 
everything seems to be better when it says “atomic” or “nano;” the opposite seems to have been 
the case with food irradiation and genetically modified crops. the issue of whether to label products 
containing or processed by emerging technologies keeps coming up. for food irradiation and 
genetically modified crops labeling requirements eventually were implemented (at least in parts 
of the world) with the intention to provide consumers a choice, although opposition was fierce. 
as massey (module 2) and rossi (module 4) mention, governments can facilitate the availability 
of information on the chemical constituents in products by requiring warning labels on products 
that contain chemicals of high concern. it is not possible to classify many emerging technologies 
as safe or as “high concern” in the absence of data so requiring a warning label seems out of  
the question. however, that does not eliminate all labels. 
When governments decide to let manufacturers market products using emerging technologies 
with or without pre-market ehs testing, government could facilitate information by having a label 
that states that: 1) the product contains or is based on an emerging technology; 2) that there is 
limited or no environmental, health, and safety information available at the time; and 3) a telephone 
number where to call should adverse effects be observed.65 
there has been an increasing call for labeling of consumer products containing nanomaterials 
from various stakeholders. Consumer Reports has called for labeling, asking consumers to investigate 
the products they buy; asking them to learn more about nanotechnology; and to contact the 
fda and researchers.56 further, the etc group had an on-line competition on who could come up 
with the perfect “Beware of nanotechnology” warning label and received 400 proposals.67 given 
the calls for labeling, one could imagine that some companies might voluntarily start labeling 
their products or one would advertise that they do not use nanomaterials in their products. 
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Kyle (module 6) outlines  the capabilities needed, important dynamics, and possible models for 
implementation of chemicals policy that would have to be put in place for emerging technologies 
as well as for chemicals. she lists: 1) keeping track of information; 2) developing procedures and 
methods; 3) conducting assessments that end with judgments; 4) disseminating and translating 
information and judgments for relevant audiences; and 5) enforcing required elements. due to 
the nature of emerging technologies, new kinds of expertise might be needed within regulatory 
agencies and, in some cases, they would have to be built from the ground up. sometimes it will 
be necessary to find the right combination of regulatory expertise in well-established fields, such 
as physics, chemistry, technology, and (eco-)toxicology. the challenge will be to establish truly 
interdisciplinary research units and agencies. this seems to be the case with nanomaterials; 
however, the current lack of staff with in-depth understanding and training in nanotechnologies 
in agencies is a potential problem.65 With other technologies, no established field of research is 
available that ensures that broader health and safety considerations are included in their devel-
opment and, hence, regulatory bodies may have to fund and train in new disciplines by estab-
lishing undergraduate and graduate courses. 
tracking information may be even more complicated in the case of emerging technologies than 
in the case of chemicals. it may not be at all clear from the outset what kinds of information should 
be gathered. this circumstance means that many emerging technologies require identification 
of key hazard properties to build a database. information is likely to be required beyond what is 
C a P a b I L I T I E s  n E E D E D ,  I m P O R T a n T  D Y n a m I C s ,  a n D  P O s s I b L E  m O D E L s
see table 4 for a comparison of the various policy options described in the module by massey 
applied to emerging technologies with these criteria: cost effectiveness, demands on government, 
performance for achieving safety goals (information, evaluation, substitution), and transparency.
taBle 4  a Comparson of the Varous Polcy Optons Descrbed n the module by massey  
appled to Emergng Technologes
Polcy Opton
Cost 
Effectveness
Demand on 
government
Performance for 
achevng safety goals Transparency
Ensurng Inform
aton flow
 
through the supply chan
require chemical suppliers to provide 
information on chemical properties
require toxics use reporting
require public disclosure of product 
ingredients and health effects
sponsor supply chain collaborations
create databases of information  
voluntarily submitted
note: the higher the column the better the option fulfills the criteria.
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accessible from traditional sources for more well-known technologies. in addition, the fast pace at 
which emerging technologies develop in their infancy puts extra difficulties on the job of gathering 
and tracking key information. information gathering must be broad in scope until key properties 
— inherent hazard, exposure pathways, protection methods, and others — have been established. 
for many technologies, the information will not be available in the early stages of development. 
these circumstances increase the costs and burden on government. But the effort can reward 
since playing catch-up is costly and burdensome as well. 
according to Kyle, a system for chemicals must track the status as follows: a) data and testing 
requirements; b) screening requirements; c) evaluation; d) any use restrictions or limitations on 
use; e) pending requirements for additional data, assessment, or action; f ) uses reported up and 
down the product chain. for emerging technologies, a number of basic information requirements 
also would be of great value should it turn out that risks exist that are associated with the technol-
ogy. information that could be gathered without knowing the risk includes number and location 
of research units looking into the emerging technologies; raw materials  used for the research; 
how emerging technologies are used; number of people potentially exposed; production units; 
commercially available products; and so forth. production units or volumes per producer and 
overall would be of great interest, for instance, in regard to nanomaterials since that information 
could suggest the number of people potentially exposed. information about production settings 
and methods, nanomaterials properties and how they are determined, and risk management 
practices in place also would be relevant since these factors have been found to influence the 
overall hazard, exposure patterns, and risk of some nanomaterials.42   
Whether testing for hazards is a feasible option will depend on the nature of the emerging 
technology. there is a big difference in testing for the hazards of nuclear power at individual 
plant sites compared to having to test for the hazards of the great variety of nanomaterials and 
biotechnologies in a laboratory setting or having to test nano- and biomedicine in humans and 
genetically modified crops in field trials. nanotechnology and biotechnology involve a great range 
of technologies, methods, materials, material properties, and applications and the decision to 
test for hazard will have to consider such issues. one way is to focus primarily on testing for the 
hazards of technology to which most people are exposed or the ones for which environmental 
exposure is the most likely now and in future. Besides the fact that existing methods of testing 
hazards need to consider the sheer number of possible combinations of, for instance, nanomaterials 
and related properties, it also would mitigate against a single-nanomaterials or genetically modified 
organisms (gmos) testing strategy. uncertainties in predicting exposure and the variable nature 
of exposure patterns over time and space mean that solely relying on exposure to determine 
whether to develop any hazard data seems risky. a new generation of hazard and exposure  
information is needed to decide whether exposure is significant. 
see table 5 for an evaluation of the various policy options described in the module by Kyle applied 
to emerging technologies for these criteria: cost effectiveness, demands on government, perfor-
mance for achieving safety goals (information, evaluation, substitution), and transparency.
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taBle 5  a Comparson of the Varous Polcy Optons Descrbed n the module by Kyle  
appled to Emergng Technologes
Polcy Opton
Cost 
Effectveness
Demand on 
government
Performance for 
achevng safety goals Transparency
Ensurng capabltes
a
ssessng 
data qualty
laboratory accreditation program
verification by a different laboratory
a
ssessng data
Better standardize testing 
requirements + comparable protocols
vest the responsibility in an 
independent agency
create a health protective default in 
place until assessments are completed
D
ssem
natng and 
translatng data + 
judg. for all audences
design a largely self-executing system 
that translated submitted data in 
understandable entries
have separate labeling  
requirements for consumer  
products
Ensurng capabltes
Enform
cem
ent
administrative penalties
civil penalties
criminal penalties
Insttutonal form
s
create a single purpose  
chemicals agency
developing a program within an 
existing public agency
creating a hybrid organization 
combining public agencies and 
research entities
networking different entities together
creating a multi state entity  
or consortium
note: the higher the column the better the option fulfills the criteria.
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although much of what geiser and mcpherson (module 5) write on options for innovation and 
green chemistry is directed toward chemicals, there is no reason why many of the points they 
make should not be equally applicable to many emerging technologies. Besides green chemistry, 
a number of other more or less well-established technologies have gone “green” — for instance, 
green engineering, good electronics, and green nanotechnology. although, the individual prin-
ciples of green chemistry, engineering, and electronics, vary in wording, they basically boil down 
to the same vision, which is to promote sustainable development by identifying clean technologies 
and minimizing human health and environmental impacts at the early stages of development.48 
this issue is not only relevant for more well-established technologies, but also applies to emerging 
technologies. When compared to well-established technologies such as chemicals, the emphasis 
on basic principles for sustainable development, green chemistry, and green engineering, should 
be stressed even more when the benefits and risks are unclear (as they are with most emerging 
technologies) since the principles potentially could safeguard us from unpleasant surprises. one 
emerging technology where basic principles are being adopted more often is in the field of green 
nanotechnologies.68 recently, the project of emerging nanotechnologies of the Woodrow Wilson 
international center for scholars published a report on green nanotechnology by schmidt48 urging 
the u.s. government to develop a strategy for stimulating green nanotechnology. the report  
is full of good examples of green nanotechnology. for one, it includes James e. hutchison’s  
development of a way to synthesize nano-gold in a cheaper and faster way without the use  
of flammable and explosive solvents.48 
By adopting the basic principles of these “green fields,” in the development of emerging technologies 
at the earliest possible stage (that is, the design phase), one could help ensure that all emerging 
technologies are “green” from the outset so that ideally the distinction between “green” and con-
ventional technologies eventually will disappear. the question is, what regulatory or other measures 
would have to be in place in order to encourage the “green” alternative to a given technology  
at an early stage? although some of the challenges are of a scientific and technical nature,68 it is 
well-recognized that governments play a considerable role in every stage of development from 
research to building its early infrastructure to sorting out its social repercussions.69 governments 
do so through a number of mechanisms, such as providing legal and public institutions that 
discourage and encourage certain paths of innovation; funding basic research and infrastructures 
with no short-commercial value; and by providing subsidies. most of the funding currently used 
in nanotechnology r&d stems from public sources. governments should help to guide and shape 
the future path of innovation in the direction of sustainable development to secure greater 
overall individual and societal benefits. 
see table 6 for a comparison of the various policy options described in the module by geiser 
and mcpherson applied to emerging technologies for these criteria: cost effectiveness, demands 
on government, performance for achieving safety goals (information, evaluation, substitution), 
and transparency.
E n s u R I n g  T h a T  E m E R g I n g  T E C h n O L O g I E s  a R E  g R E E n  a n D  s u s T a I n a b L E
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in tables 1–6 we used four criteria of cost effectiveness (including speed of implementation and 
putting burden on industry), demand on government, performance, and transparency to evaluate 
the various policy options in the light of the policy options listed by the authors in their respective 
modules on chemicals. in table 7 (page 227), we have tried to evaluate the various policy options 
available in regard to emerging technologies (listed in section 3.1) in the light of the same four 
criteria. 
When looking at table 7, options such as banning, banning some applications, a moratorium on 
r&d and/or commercialization, in general, rank high in regard to cost effectiveness. various reasons 
account for it, including that some options are assumed to be faster to implement compared with, 
say, an incremental approach or developing a new regulatory framework. in addition, imposing 
a ban or a moratorium on both/either/or r&d and commercialization puts a burden on industry 
due to lost investments (in the case of a ban); lost income while ehs data is generated, and a 
potential mandatory obligation to generate ehs information (in the case of a moratorium).
options such as bans do not normally put much burden on government besides the question 
of how to enforce such a measure except in cases of enabling technologies that are applied in  
a large number of products, methods, and settings. implementing a moratorium either on r&d 
and/or commercialization puts more demand on government since it will have responsibility 
for generating ehs information while the moratorium is in place or must provide incentives  
for companies to do so. 
C O n C L u s I O n
taBle 6  a Comparson of the Varous Polcy Optons Descrbed n the module by geser and mcPherson  
appled to Emergng Technologes
Polcy Opton
Cost 
Effectveness
Demand on 
government
Performance for 
achevng safety goals Transparency
g
reen Inovaton
research and development support
technical assistance
targeted procurement
economic policies
regulations promoting green chemistry
note: the higher the column the better the option fulfills the criteria.
226  l  loWell center for sustainaBle production  l  university of massachusetts loWell options for state chemicals policy reform  l  a resource guide  l  22
module 7:  applying the chemical policy options to emerging technologies and materials
Which options are the best choices in a particular situation will depend on the potential adverse 
health and environmental impact of the emerging technology in question. for instance, the ban 
on supersonic transport in the u.s. was able to prevent adverse impact on the environment. it is 
important to remember though that reaping the benefits of the technology is not included in the 
criteria used to evaluate the various policy options in this analysis. this ignores the possibility of 
missed opportunities that might have led to environmental and health benefits while a ban or a 
moratorium is in force. in bio- and nanotechnology in the field of medicine, benefits are expected 
to be substantial and should not be ignored when considering bans or placing a moratorium 
on commercialization.
the european parliament’s scientific technology option assessment (stoa) committee has 
published a study on the role of nanotechnology in chemical substitution of hazardous substances. 
stoa concluded that although nanotechnology cannot presently contribute in an exceptional 
manner to a large increase in the substitution of hazardous chemicals, its long-term contribution 
to substitution is manifold and incremental.70 an example of an “incremental substitution” of 
hazardous chemicals is the work by Zhou and his group at headwater, inc. Zhou recently won 
the green chemistry award for his discovery of a way of manufacturing hydrogen peroxide using 
taBle 7  Polcy Optons for Emergng Technologes Evaluated n the Lght of the Four Crtera:  
Cost Effectveness, Demands on government, Performance for achevng safety goals (Informaton,  
Evaluaton, substtuton), and Transparency
Polcy Opton
Cost 
Effectveness
Demand on 
government
Performance for 
achevng safety goals Transparency
Ban on r&d and commercialization
Ban on commercialization
moratorium on r&d and commercialization
moratorium on commercialization
initiating and funding ehs studies and collecting data
voluntary programs
incremental approach
new regulatory framework
no additional regulation
 
note: the higher the column the better the option fulfills the criteria.
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a palladium-platinum catalyst based on nanotechnology that requires no hazardous materials and 
produces no byproduct except water. further, hydrogen peroxide is a safer alternative to chemicals 
such as chlorine and chlorine-containing bleaches and oxidants.71 the substitution of hazardous 
chemicals by the use of emerging technologies, such as nanotechnology, is a potential oppor-
tunity lost by implementing options such as bans or moratoriums by default.
in regard to performance in achieving the overall goal (the third criteria), the policy options that 
score the highest are the incremental approach (that is, adapting existing legislation, technical 
guidelines, codes of conducts, and so on) and developing a new regulatory framework. they generally 
score high because decision-makers can potentially design them to meet the needs identified 
for, say, generation of information, promoting alternatives assessment, green technologies, and 
others. the down side with these options is that they put great demand on government. in the 
case of adapting existing legislation, it is no small task to apply it to, for instance, nanomaterials, 
due to the sheer number of amendments needed.65,66,72 designing a new regulatory framework 
that is effective and that works in practice requires much effort from already under- funded 
government agencies that also must take into account the political and/or interagency bureaucracy; 
stakeholder concerns and interests; public participation; and development of technical support 
and guidance.65,73   
although many of the issues addressed in this module and the policy options outlined above 
seem most appropriate to implement on a federal level or even a global level, there is a lot that 
local and state government can do. the recent development in the recognition of the problems 
associated with climate change in the u.s. stands as a good example of how much impact local 
communities, individual states, and collaboration between states can have on shaping the  
debate on a truly global issue. 
having local and statewide bans and moratoriums can send strong signals. such was the case 
with the moratorium implemented in the late 1970s on recombinant dna research in cambridge, 
massachusetts. the most proactive research facilities and companies might see local regulatory 
oversight as a reflection of a mature understanding of a technology and a reason to establish 
themselves in a particular area. as has been reported in the case of recombinant dna though, 
the risk is real that they might move their research facilities, investments, and workplaces.74 
another option is to ask companies to submit ehs information. the city council of Berkeley has 
pursued this approach on nanomaterials, issuing an ordinance requiring manufacturers to disclo-
sure various information about the properties of their materials, production facilities, state of ehs 
research, and their ehs control measures in force. although it has been criticized, the approach 
has led to a much needed debate about whether and how nanomaterials should be regulated 
and the case provides a good example of one approach that local governments can take when 
they face emerging technologies. 
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a third approach is for local governments and/or states to have an active expert and stakeholder 
deliberation over a longer period of time. this approach is currently being pursued in cambridge, 
massachusetts, in decisions about nanomaterials. 
Whereas the action of local governments can have some national impact on the debate about 
how to approach and regulate emerging technologies, states can have a huge impact on policy 
development, the path of innovation, and the success or failure of a technology. the promotion 
of biofuel and stem cell research in california provides a huge push for research and development 
of these emerging technologies which affect more than just the citizens and industry of california. 
another example of the huge impact states can have on emerging problems is the interstate 
collaboration termed the new england climate coalition, which was formed in 2003 by the gover-
nors of all six new england states in addition to new york, new Jersey, and delaware to create  
a regional program to reduce greenhouse gas emissions. 
some of the larger states and potential coalitions of states have nearly all of the same options 
available as the federal government because of their access to resources. While local governments 
hardly have the option or the expertise to generate ehs data themselves, it is certainly an option 
that state governments potentially could pursue either alone or in collaboration with other states. 
the state of california initiated ehs-related research in the case of mtBe that finally led to its 
ban first in california, then in other states, and finally on a federal level.75,76
one significant way that states could influence the development and emergence of green technol-
ogy is by requiring that ehs issues are considered and research is stipulated when they provide 
funding to develop emerging technologies in their states. officials in massachusetts, pennsylvania, 
and california have provided between $60 million and $95 million each for research on and  
development of nanotechnology and other emerging technologies.77–79
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a P P E n D I x  a
summary of the nano risk framework proposed  
by environmental defense and dupont corporation 
in early 2007, the environmental group environmental defense (ed) and dupont corporation 
released for public comment a draft nano risk framework, describing a process for ensuring the 
responsible development of nanoscale materials.42 the framework was expected to be finalized 
in summer 2007, after which it could be freely used by companies and other organizations. the 
intent of the framework is to define a systematic process for identifying, managing, and reducing 
potential environmental, health, and safety risks of engineered nanomaterials across all stages 
of a product’s lifecycle. it is meant to offer a voluntary approach to facilitating the responsible 
development of nanomaterials by companies, private and public research institutions. 
the framework is designed to be used iteratively at different stages of development advancement 
(that is, basic r&d, prototyping, pilot testing, test marketing, and finally to full-scale commercial 
launch) and as new information becomes available. explaining all elements of the framework is 
beyond the scope of this module but, in short, the framework consists of six distinct steps:
1. develop a general description of the nanomaterial and its intended uses, based on informa-
tion already available and identify analogous materials and applications that may help fill 
data gaps in this and other steps;
2. develop profiles of the nanomaterial’s properties, inherent hazards, and associated exposures 
considering all the elements of the nanomaterial’s full lifecycle and considering that a  
material’s properties, hazards, and exposures may change during the lifecycle; 
3. evaluate all of the information generated in the profiles and identify and characterize the 
nature, magnitude, and probability of risks of the nanomaterial and its application. gaps 
in the lifecycle profiles should be prioritized and a decision should be made on how to 
address them; 
4. evaluate the available risk management options and recommend a course of action, including 
engineering controls, protective equipment, risk communication, and product or process 
modifications;
5. decide alongside key stakeholders, experts, and decision-makers whether or in what capacity 
to continue development and production and document these decisions and their rationale 
and share appropriate information with the relevant stakeholders; and
6. update and re-execute the risk evaluation regularly or as necessary to ensure that risk 
management systems are working as expected and adapt in the face of new information 
or conditions; document and share appropriate information with relevant stakeholders.42
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ed and dupont have developed a system to help guide information generation and update  
assumptions, decisions, and practices as new information becomes available. at various stages 
in the product-development process, the draft document provides a worksheet to help participants: 
1) organize, document, and communicate the information they have about their material;  
2) to acknowledge that information is incomplete; 3) to explain how information gaps were  
addressed; and 4) to explain the rationale behind the user’s risk management decisions and actions. 
however, the amount of information required in the framework is directly related to potential 
extent and degree of exposure of the specified application. ed and dupont recommend that  
a broad range of stakeholders have access to the worksheet or summaries of it as products 
move into commercialization in order to facilitate ease of understanding.42
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